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REMARKS 

The Office Action dated January 15, 2003 presents the 
examination of claims 6, 7, 9, 12, 16, and 17. Claims 6 and 7 are 
amended. The amendment clarifies that the tumor antigen protein of 
claims 6 or the tumor antigen peptide of claim 7 binds to MHC class 
I antigen and is recognized by tumor- specif ic CTLs, after 
intracellular decomposition or as it is. Support for this 
amendment is found in the specification, such as on page 13, line 7 
and page 24, line 10. Claims 16 and 17 are canceled. No new matter 
is inserted into the application. 

Maintained Rejection under 35 U.S.C. § 112, first paragraph 

The Examiner rejects claims 16 and 17 under 35 U.S.C. § 112, 
first paragraph for allegedly not being described by the 
specification. Claims 16 and 17 are canceled, thus rendering the 
rejection moot. 

New Rejection under 35 U.S.C. § 101 

The Examiner rejects claims 6, 7, 9, 12, 16, and 17 under 35 
U.S.C. § 101 for allegedly not being supported by either a credible, 
substantial or well-established utility. Claims 16 and 17 are 
canceled, thus rendering the rejection of these claims moot. 
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Applicants respectfully traverse the rejection applied to the 
pending claims. Reconsideration of the claims and withdrawal of the 
instant rejection are respectfully requested. 

On page 5, lines 8-10 of the outstanding Office Action, the 
Examiner asserts, 

*[T]here is no objective evidence, either in the specification 
or in the prior art of record, which discloses or suggests that SEQ 
ID NO: 2 plays a role in cancer, autoimmune disorders, or is a tumor 
antigen peptide. " 

Applicants strongly disagree with the Examiner's position. The 
protein of the present invention is an established tumor antigen 
protein of which utility is described in the specification and is 
known is the art, as explained below. 

First, at the priority date, it was known in the art that a 
"tumor antigen" means a target of T cells including cytotoxic T 
cells (CTLs) that recognize tumor cells, i.e., tumor-specific T- 
cells, as shown in the prior art references disclosed in the instant 
specification and in van der Bruggen et al . Science, 254:1643 
(1991), attached hereto as Exhibit 1. Specifically, Example 3 and 
especially Table 2 on pages 32-35 of the instant specification show 
that KE-4CTL produces IFN-y in response to cells that have been co- 
transfected with a nucleotide sequence encoding the tumor antigen 
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protein of the present invention (plasmid K3) and a nucleotide 
sequence encoding HLA antigen. KE-4CTL is known in the art to be a 
"tumor- specif ic CTL" that recognizes and kills squamous cell 
carcinoma cell line KE-4 derived from esophageal cancer patients 
(see, Reference Example 1, pages 26-27 of the specification) . 
Further, as demonstrated in Example 3, said "tumor-specific CTL" 
recognizes the protein of the present invention, and is subsequently 
induced and activated. This data presented in the specification 
clearly demonstrates that the protein of the present invention is 
truly a "tumor antigen protein." 

Second, the protein of the present invention is well accepted 
in the art as a "tumor antigen protein." See, for example, Renkvist 
et al., Cancer Immunol Immunother, 50:3-15 (2001), attached hereto 
as Exhibit 2. This publication by a third party not associated with 
the present inventors, entitled "A listing of human tumor antigens 
recognized by T cells," lists SART-1 of the present invention as one 
of the tumor antigens in Table 3: "Class I HLA-restricted widely 
expressed antigens" (see, pages 6-7) . In another publication by a 
third party not associated with the present inventors, Rosenberg et 
al., Immunity, 10:281-287 (1999), attached hereto as Exhibit 3, 
SART-1 is listed as one of tumor antigens at page 282, Table 1: 
"Defined Cancer Antigens." Exhibits 2 and 3 serve as objective 
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evidence that SART-1 1 of the present invention is, in fact, a "tumor 
antigen protein." 

Third, the specific utility of SART-1, the protein of the 
present invention, is described in detail at page 24, line 1 to page 
25, line 1 of the specification. In this respect, clinical trials 
have recently been carried out using a peptide derived from SART-1 
of the present invention, and are published in Yamana, H. and K. 
Itoh, Cancer and Chemotherapy, 27(10) :1477-1488, attached hereto as 
Exhibit 4. SART-1 is listed on page 1479 of Exhibit 4. In the 
English summary at page 1477, the authors disclose that they are 
performing phase I trials using SART-1 -derived peptide vaccines and 
that they have found an increase in CTL precursor frequency in some 
cases in an in vitro study. These facts are consistent with the 
guidance provided in the instant specification and demonstrate that 
SART-1 of the present invention is actually a "tumor antigen 
protein. " 

Finally, the Examiner relies on Kast et al . in asserting the 
following on page 5, last line to page 6, line 2 of the outstanding 
Office Action: 



1 The fact that the tumor antigen protein of the present invention is referred to 
as "SART-1" in the art has already been set forth in the Declaration under 37 
C.F.R. § 1.132 filed with the United States Patent and Trademark Office on June 8, 
2001. 
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"Thus just because there is a correlation of the claimed 
peptides and this observation does not result in the proteins being 
tumor antigens . " 

Amended claims 6 and 7 recite that CTLs that recognize the 
decomposition products of the protein of claim 6 or the peptides of 
claim 7 are tumor-specific . Therefore, the protein or peptide of 
the present invention is a "tumor antigen" and distinct from a 
"virus antigen." The fact that the protein (as recited in claim 6) 
and the peptide (as recited in claim 7) of the present invention are 
recognized by tumor-specific CTLs is shown in Example 3 (Table 2) 
and Examples 4-5 (Tables 3, 4, 5, and 6), respectively, of the 
specification. 

Based upon the above objective evidence and description in the 
specification, it is clear that the protein of SEQ ID NO: 2, as 
recited in the claims, has specific and practical utility. The 
rejection under 35 U.S. C. § 101 is therefore improper and should be 
withdrawn. 

Rejection under 35 U.S. C. § 112, first paragraph, enablement 

The Examiner rejects claims 6, 7, 9, 12, 16, and 17 under 35 
U.S.C. § 112, first paragraph for an alleged lack of enablement. 
Claims 16 and 17 are canceled, thus rendering the rejection of these 
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claims moot. Applicants respectfully traverse the rejection. applied 
to the pending claims. Reconsideration of the claims and withdrawal 
of the instant rejection are respectfully requested. 

The Examiner relies on Boon et al . and Kast et al . to assert 
the following: 

"Thus just because there is a correlation of the claimed 
peptides and this observation does not result in the proteins being 
tumor antigens. Therefore, in view of the lack of guidance in the 
specification and in view of the unpredictability in the art as 
evidenced from Boon et al and Kast et al in view ... one of skilled 
in the art would be required to perform undue experimentation in 
order to practice the claimed invention. " See, page 8, lines 2-7, 
of the outstanding Office Action. 

Applicants respectfully disagree with the Examiner's position 
for the following reasons. 

First, as described above, a SART-1- derived peptide vaccine 
has recently been used as a peptide vaccine in clinical trials, 
which means that the protein/peptide of the present invention is 
practically useful as described in the present specification. 

Second, determination of enablement is to be weighing of 
several factors ( Ex Parte Forman , 230 USPQ 546 (BPAI 1986)), as the 
Examiner stated, and the factor of "undue experimentation" is not 

9 



Appl. No. 09/202,047 

related to the quantity of experimentation but whether undue 
experimentation is needed to practice the full scope of the 
invention f in re Wands , 8 USPQ2d 1400 (Fed. Cir. 1988)). In this 
regard, the present invention can be practiced by the skilled 
artisan without "undue experimentation." 

The Examiner seems to rely heavily upon the unpredictability 
factor, making reference to Boon et al . or Kast et al . These 
references, however, are irrelevant to the present application. 
Instead, the issue of predictability in the instant case should be 
decided on whether it is predictable that one of skilled in the 
art, given one functional embodiment of the present invention, can 
find another. In this regard, the instant specification provides 
sufficient description so as to enable one of ordinary skill in the 
art to carry out the present invention without undue 
experimentation. That is, (a) the present invention is directed to 
a protein or a peptide, which is constrained by ij amino acid or 
nucleotide sequence, and ii) activity of binding to MHC class I 
antigen and being recognized by tumor-specific CTLs after 
intracellular decomposition or as it is; (b) the skill of the 
practitioner in the art to which the present invention pertains is 
very high; (c) the specification provides considerable guidance for 
determining whether a candidate protein or peptide has the claimed 
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activity, and determination thereof can be performed using methods 
described in the specification or other methods known in the art 
and available to a skilled person at the priority date; (d) the 
specification provides Examples of the preparation of protein and 
peptide of the present invention and further provides Examples of 
an assay that can be performed to determine if any particular 
embodiment possesses the activity of binding to HLA and being 
recognized by tumor-specific CTLs; (e) the quantity of 
experimentation required to screen protein/peptide is not 
unexpectedly large . 

Based upon the above, it is clear that subject matter recited 
in the claims is enabled by the specification. The rejection under 
35 U.S. C. § 112, first paragraph, is therefore improper and should 
be withdrawn. 

Summary 

All of the present claims define patentable subject matter 
such that this application should be placed into condition for 
allowance. The Examiner is respectfully requested to issue a 
Notice of Allowability indicating that claims 6, 7, 9, and 12 are 
allowed. 
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If there are any issues remaining that may be solved through a 
telephone conversation, the Examiner is respectfully requested to 
contact Kristi L. Rupert, Ph.D. (Reg. No. 45,702) at 703-205-8000. 

Pursuant to the provisions of 37 C.F.R. §§ 1.17 and 1.136(a), 
the Applicants hereby petition for an extension of two (2) months to 
June 15, 2003, in which to file a reply to the Office Action. The 
required fee of $410.00 is enclosed herewith. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 



B y Jjh^C^ ^f^^^ 



Gerald M. Murphy, Jr., #28,977 



ffrg P.O. Box 747 

GMM/KLR Falls Church, VA 22040-0747 

(703) 205-8000 

Attachment: Version with Markings to Show Changes Made 

Exhibit 1 - P. Van Der Bruggen et al.. Science 
Exhibit 2 - N. Renkvist et al . , Cancer Immunol. Immunother. 
Exhibit 3 - S . Rosenberg et al . , Immunity- 
Exhibit 4 - H. Yamana et al., Jpn J. Cancer Chemother. 
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Version with Markings to Show Changes Made 

RECEIVED 

IN THE CLAIMS: 

JUN 1 9 ? 003 



Claims 16 and 17 are canceled. 



TEC H CENTER 160012900 



The claims have been amended as follows: 

6. (Five Times Amended) An isolated tumor antigen protein 
selected from the group consisting of: 

(a) a protein comprising an amino acid sequence shown in SEQ 
ID NO: 2; and 

(b) a protein encoded by a DNA comprising a nucleotide 
sequence shown in SEQ ID NO:l, 

wherein said protein yields, through intracellular 
decomposition, peptide fragment (s) which binds to major 
histocompatibility complex (MHC) class I antigen and is recognized 
by tumor- specific cytotoxic T lymphocytes (CTLs) in such binding 
state . 



7. (Four Times Amended) An isolated and chemically 
synthesized tumor antigen peptide that is a peptide fragment of a 
tumor antigen protein selected from the group consisting of: 
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(a) a protein comprising an amino acid sequence shown in SEQ 
ID NO: 2; and 

(b) a protein encoded by a DNA comprising a nucleotide 
sequence shown in SEQ ID NO:l, 

wherein said tumor antigen peptide comprises the amino acid 
sequence of positions 749-757, 736-744, 785-793, or 690-698 in the 
amino acid sequence of SEQ ID NO: 2, and binds to MHC class I 
antigen and is recognized by tumor- specific CTLs when bound to MHC 
class I antigen. 
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A Gene Encoding an Aifl^en Recognized by 
Cytolytic T Lymphocytes on a Human Melanoma 

P. van der Bruggen, C. Traversari,* P. Chomez, C. Lurquin, 
E. De Plaen, B. Van den Eytnde, A. Knuth, T; BooNt 

Many human melanoma tumors express antigens that are recognized in vitro by 
cytolytic T lymphocytes (CTLs) derived from the tumor-bearing patient. A gene was 
identified that directed the expression of antigen MZ2-E on a human melanoma cell 
line. This gene shows no similarity to known sequences and belongs to a family of at 
least three genes. It is expressed by the original melanoma cells, other melanoma cell 
lines, and by some tumor cells of other histological types. No expression was observed 
in a panel of normal tissues. Antigen MZ2-E appears to be presented by HLA-A1; 
anti-MZ2-E CTLs of the original patient recognized two melanoma cell lines of other 
HLA-A1 patients that expressed the gene. Thus, precisely targeted immunotherapy 
directed against antigen MZ2-E could be provided to individuals identified by HLA 
typing and analysis of the RNA of a small tumor sample. 
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OST MOUSE TUMORS EXPRJESS AN- 

tigens that constitute potential 
targets for rejection responses in 
syngeneic hosts (1). Against some of these 
tumors, highly active and specific CTLs can 
be derived from immunized animals by re- 
stimulation in Vitro with tumor cells (2). 
That the antigens recognized by these CTLs 
in vitro can be effective tumor-rejection an- 
tigens is indicated by the finding that tumor 
cells that had escaped immune rejection in 
vivo were found to be resistant to the tu- 
mor-specific CTLs (3). 

For human tumors, autologous mixed 
cultures of tumor cells and lymphocytes can 
generate CTLs that lyse the tumor cells (4). 
These anti-tumor CTLs do not lyse targets 
of natural killer cells and autologous control 
cells such as fibroblasts or EBV-transformed 
B lymphocytes. However, it is difficult to 
evaluate to what extent the antigens recog- 
nized on human tumors by autolo- 
gous CTLs are relevant for tumor rejection. 

We have obtained a panel of autologous 
CTL clones (5) that lyse melanoma cell line 
MZ2-MEL, which was derived from patient 
MZ2. By selecting clonal sublines of MZ2- 
MEL that are not killed by these CTL 
clones, we obtained antigen- loss variants 
that were resistant to subsets of the CTL 
clones, demonstrating that autologous 
CTLs recognize a , total of six independent 
antigens on MZ2-MEL (6). We then at- 
tempted to identify the gene for one of these 
antigens, MZ2-E, by an approach that had 
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enabled the isolation of genes for antigens 
recognized by CTLs on mouse tumors (7). 
This approach is based on the trans fection of 
cosmid libraries prepared with DNA of cells 
that express the relevant antigen. Transfec- 
tants expressing the antigen are identified by 
their ability to stimulate the appropriate 
CTLs. As a first step, we tried to obtain 
transfectants expressing antigen MZ2-E (E) 
with genomic DNA of an E + MZ2-MEL 
subline. The DNA was transfected into E~ 
antigen-loss variant MZ2-MEL.2.2, which 
had been obtained by selection with an 
anti-E CTL clone. A transfectant was ob- 
tained that was lysed by autologous anti-E 
CTL clone 82/30 (8). 

A library of 700,000 independent 
cosmids was prepared with DNA of an E"*" 
MZ2-MEL subline and groups of 50,000 
cosmids were amplified (9). DNA from each 
group of cosmids was cotransfected into E~ 
line MZ2-MEL.2.2 together with plasmid 
pSVtkneop, that confers resistance to ge- 
neticin (10). Approximately 5000 geneticin- 



sistant transfectants were obtained for 
each group and they were divided into mi- 
ccocultures of 30 independent transfectants. 
These microcultures were allowed to ex- 
pand, duplicated, and tested for their ability 
to stimulate tumor necrosis factor (TNF) 
release by anti-E CTL clone 82/30 (11). 
This enables identification of those pools 
that contain one transfectant that expresses 
antigen E (6*). Two of the 14 groups of 
cosmids produced positive microcultures, 
and the E. + transfectants were recovered 
from the duplicates. After additional trans- 
fection experiments, a total of five E" 1 " trans- 
fectants out of 29,000 independent geneti- 
cin-resistant transfectants were obtained 
with the first positive group of cosmids and 
two out of 13,000 with the second group. 

By packaging the DNA of cosmid trans- 
fectants directly into lambda phage compo- 
nents, it is sometimes possible to retrieve 
cosmids that contain the sequences of inter- 
est (7, 12). This procedure was unsuccessful 
here, so we rescued the transfected sequence 
by ligating DNA of the transfectant to ap- 
propriate restriction fragments of cosmid 
vector pTL6 (13), This was tried with two 
transfectants and was successful with trans- 
fectant 7.4: cosmid B3 was obtained, which 
transferred the expression of antigen E at 
high efficiency. Transfectants obtained with 
this cosmid were as sensitive to lysis by the 
anti-E CTLs as the original melanoma cell 
line (Fig. 1). 

Cosmid B3 was digested with Sma I and a 
12-kb fragment could transfer the expres- 
sion of the antigen (Fig. 1). After the frag- 
ment was digested with Bam HI, a 2.4-kb 
fragment was found to transfer the expres- 
sion of antigen E at high efficiency (Fig. 1). 
This small fragment was used as a hybrid- 
ization probe on a Southern (DNA) blot 
prepared with Bam Hi-digested DNA of an 
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Effector/target ratio 

Fig. 1 . Sensitivity of 5l Cr-Iabeled target cells to lysis by anti-E CTL clone MZ2-CTL 82/30. Chromium 
release was measured after 4 hours (5). MZ2-MEL.3.0 is a clonal subline of the melanoma cell line of 
patient MZ2, and MZ2-MEL.2.2 is an antigen-loss variant selected with an anti-E CTL clone (6). The 
E + transfectant clones were isolated from MEL.2.2 cell populations transfected with cosmid group 7 
(transfectant 7.4); with cosmid B3; with a cloned 12-kb Sma I fragment of B3 (20); with a cloned 
2.4-kb Bam HI fragment of the 12-kb fragment (20). Melanoma cell line MI13443-MEL was derived 
from another HLA-A1 patient. 




E + subline of MZ2-MEL and of the E" 
antigen-loss variant. The expected 2.4-kb 
band was observed only with the DNA of 
the E + melanoma cell (Fig. 2), indicating 
that the E" variant had lost the expression of 
the antigen as a result of a deletion affecting 
the relevant gene. Partial or complete dele- 
tions of tumor-antigen genes also occur in 
antigen- loss variants of mouse tumor cells 
(14). In addition to the 2.4-kb band, the 
probe hybridized to several additional bands 
of different intensities, suggesting that the 
gene responsible for the production of anti- 
gen E has sequence similarities to several 
other genes. 

The sequence of the transfecting 2.4-kb 
genomic segment showed no significant 
similarity to any sequence presently record- 
ed in data banks (15). Northern (RNA) 
blots and a cDNA library were prepared 
with RNA of E + subline MZ2-MEL.3.0 
(16). The 2.4-kb segment hybridized to an 
mRNA of approximately 1.8 kb on a North- 
ern blot. cDNA clones were obtained whose 
sequences were identical to parts of the 
2.4-kb genomic fragment, thereby identify- 
ing two exons in this fragment. The position 
of one additional exon located upstream was 
obtained by sequencing segments of cosmid 
B3 that were located in front of the 2.4-kb 
Bam HI fragment. The gene extends over 
approximately 4.5 kb (Fig. 3). The starting 
point of the transcribed region was con- 
firmed by polymerase chain reaction (PCR) 
amplification of the 5' end of the cDNA 
(77). The three exons are 65, 73, and 1551 
bp, respectively (Fig. 3). An ATG located in 
position 66 of exon 3 is followed by an open 
reading frame of 828 bp. 

The ability of the 2.4-kb gene fragment to 
transfer the expression of antigen E confirms 
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Fig. 3. Structure of the gene of antigen MZ2-E 
and restriction sites. Exons are indicated as black 
boxes and the open reading frame in exon 3 is 
marked in white. Boundaries of transfecting frag- 
ments are indicated relative to the first nucleotide 
of exon 3. 



previous observations that truncated genes 
lacking the promoter can efficiently transfer 
CTL epitopes (7). Smaller regions of the 
gene corresponding to parts of the 2.4-kb 
fragment were cloned and tested by trans- 
fection into E~ cells. Three segments trans- 
ferred the expression of the antigen (Fig. 3). 
Thus, the gene probably encodes the anti- 
genic peptide recognized by the anti-E 
CTLs, as opposed to producing a protein 
that activates the encoding gene. The encod- 
ing sequence would be where all transfecting 
fragments overlap, as is the case for the four 
mouse tumor antigens that we have studied. 

Two nonidentical cDNA species were 
also found when the cDNA library was 
probed with the 2.4-kb fragment. This con- 
firmed the existence of a gene family sug- 
gested by the pattern observed on the 
Southern blots (Fig. 2). In contrast with the 
first cDNA, the second and the third types 
of cDNA were unable to transfer the expres- 
sion of antigen E in transfection experi- 
ments. No significant homology was found 
by comparing the sequences of the two 
additional cDNAs to those presendy record- 
ed in gene banks (15). We propose the name 
"MAGE" (melanoma antigen) for this new 
gene family, with MAGE-1 referring to the 



Fig. 2. Identification of a 
genomic deletion in the 
E~ antigen-loss variant. 
The 2.4-kb Bam HI 
fragment, which trans- 
ferred the expression of 
antigen MZ2-E, was la- 
beled with 32 P and used 
as a probe on a Southern 
blot of Bam Hl-digest- 
ed DNA of E + clonal 
subline MZ2-MEL3.0 
and of E~ variant MZ2- 
MEL.2.2. The 2.4-kb 
band is absent in the lane 
of the E~ variant. The 
DNA of CTL clone 82/ 
30 of patient MZ2 dis- 
played the same bands as 
the E + melanoma cells. 



gene that directs the expression of antigen 
MZ2-E and MAGE-2 and -3 for the two 
other genes (Fig. 4). Analysis of the third 
exon showed that the two additional cDNAs 
are more closely related to each other (12% 
differences) than to the first (18.1% and 
18.9% differences). Out of nine cDNA 
clones obtained with RNA of MZ2- 
MEL.3.0, three of each type were obtained, 
suggesting approximately equal expression 
of the three genes. It is possible that other 
closely related genes are expressed in lower 
amounts in these cells. 

Experiments with mouse rumors showed 
that new antigens recognized by T cells can 
result from point mutations in the coding 
region of active genes. New antigens can 
also arise from the activation of genes that 
are not expressed in most normal cells (7). 
To clarify this issue for antigen MZ2-E, we 
compared the MAGE-1 gene present in the 
melanoma cells to that present in normal 
cells of patient MZ2. We amplified by poly- 
merase chain reaction (PCR) the DNA of 
phytohemagglutinin-activated blood lym- 
phocytes with primers surrounding a 1300- 
bp stretch covering the first half of the 
2.4-kb fragment. A PCR product was ob- 
tained, whereas none was obtained with the 
DNA of the E" variant. The sequence of 
-this PCR product was identical to the cor- 
responding sequence of the gene carried by 
the E + melanoma cells. Moreover, we found 
that antigen MZ2-E was expressed by cells 
transfected with the cloned PCR product. 
Thus, the activation of a normal gene is 
responsible for the appearance of antigen 
MZ2-E. One may wonder how E" antigen- 
loss variants could be obtained in these cir- 
cumstances, because both copies of the gene 
would have to be inactivated. The same phe- 
nomenon has been observed with homozy- 
gous mouse tumor P815 (3). One explana- 
tion would be the existence among the 
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MAGE-1 xxx CCTCCCCAC^GTCCTCAGCGAGC^^ 
MAGE-2 „ cCTCCCCAeAGTCCTCAGCC^reC^ 
MAGE-l t pcrgCCCKGAGTCCTCAGGGAGCCTO 
225 CEO- I 

xxx GGCCAAGCAC CT t c C eTg aCC -T GGAGTCCgaGTTCC a AGCAGc AC TCAgTAgGAAGGTGGC cGAgTTGG TT c a ^^^^^^^^^3?^TZ^Z^ ^agCCA 
« GGCCAAGa At gT t T c c C g aCCC TGGAGT CCGAGTTCCa AGCAGc AATCAgT AgGAAG*TGG t TGAgTTGGTTc a j^^Q^Q^^j^ 
t ©XCJyUJCACCTCTTGTATCC-TGGAGTCC^ 
315 * - ' ' ' 

xxx GGGAGCCgGTCACAAAGGCAGAAATGCTGGgGAGTGTC gTCggAAATT gg c AG C A t T t c TTTCCTG t G ATCT TC *5^^^^q«^q^^^^^jqca^CT 
xx GGGAGCCgGTCAC AAAGGCAGAAATGCTGG AGAGTGTCc TCAg AAATTgC c AGg ACT t cTTT CCcG CGATCTTC *^^^^^^^3^^^Z»^Z3r^ji «c T 

xxx ^ GGTCTTTGGCATcGAgC TGA t GGAAG t gGACCCCAt CGGCCACT C gT Ac aTCt TTGc CACCTGCCTgGG c ^ T ^'^^^* C ^*3?^^Z^^Z^^3cji eAAT 
» GGTCTTTGGCAT cGAgGTGgC GGAAG t gG t CCCCA t C aGCCACT t gT AC aTCGTTGTCACCTGCCT '®* C ^^^^ T * C ^^^^^^^^^ tgataAT 
■X GCTCTTTGGCATTGACG^^ 

«x CAG ATCATGCCCAAGgCAGGC C TCCTGAT AAT eGTCCTGGC CAT a AT cGCAAg aG AGGGCGa, C t ''^^^ C ^^'^*?^*^****^^3^^^C^^*rtr TrtAfiT a 

« cagatcatgcccaac^^ 

« 2 J 

Fig. 4. Part of exon 3 of gene MAGE-1, which directs the expression of antigen MZ2-E, and of related 
genes MAGE-2 and MAGE-3. Lowercase letters in the two latter sequences indicate ™ crc i;^ re J au * H 
to MAGE-1. Numbering is relative to the first nucleotide of exon 3. Oligonucicoudes CHO-» ana 
CHO-9 were used to prime the reverse transcriptions and PCR amplification of Fig. 6. Oligonucleo- 
tides SEQ-4, CHO-2, and CHO-3 were used as specific hybridization probes disenmmaung MACstz-i, 
-2, and -3. The codons of the open reading frame are indicated by points. 
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cultured cell populations of a subset of cells 
that are haploid for the relevant chromosome. 

To evaluate the expression of MAGE-i by 
various normal and tumor cells, we hybrid- 
ized Northern blots with a probe covering 
most of the third exon. In contrast with the 
result observed with tumor cell line MZ2- 
MEL.3.0, no band was observed with RNA 
isolated from a CTL clone of patient MZ2 
and phytohemagglutinin-activated blood 
lymphocytes of the same patient. Also neg- 
ative were several normal tissues of other 
individuals (Fig. 5 and Table 1). Ten of 14 
melanoma cell lines of other patients were 
positive to varying degrees. Two of four 
samples of melanoma tumor tissue, includ- 



ing a metastasis of patient MZ2, were pos- 
itive, excluding that the expression of the 
gene represented a tissue culture artifact. 
Some tumors of other histological types 
were also positive (Fig. 5 and Table 1). 
Thus, the MAGE gene family is expressed 
by many melanomas and also by other tu- 
mors. However, because the probe cross- 
hybridizes, there was no clear indication as 
to which of the three genes were expressed 
by these cells. We therefore resorted to PCR 
amplification and hybridization with specific 
oligonucleotide probes. cDNAs were ob- 
tained and amplified by PCR with oligonu- 
cleotide primers that corresponded to se- 
quences of exon 3 that were identical for the 



Other melanomas 



Other tumors 



Probes 



MAGE 



p-actin 




Fig. 5. Northern blot analysis of the expression of MAGE-i in tumor cell lines, tumor samples, and 
normal human tissues. All lanes contained 20 M-g of total RNA and were hybridized with a 1.3-kb DNA 
probe extending from positions 255 to 1544 of exon 3 of MAGE-t and with a (J-actin probe (21). 
Hybridization with both probes was performed successively on the same blot. Hybridization and 
washing conditions were the same for all the experiments. 
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Fig. 6. Detection of the expression of MAGE-1 and of related genes MAGE-2 and -3 by reverse 
transcription and PCR amplification. Total RNA was extracted from the tumor cell lines, tumor 
samples, and normal human tissues. Oligonucleotides CHO-8 and CHO-9 (Fig. 4), which correspond 
to identical regions in MAGE-1, -2, and -3 were used to prime cDNA synthesis and PCR amplification 
(22). The PCR products were fractionated by size in agarose gels and blotted on nitrocellulose. The 
blots were hybridized with oligonucleotides probes SEQ-4, CHO-2, and CHO-3, which are highly 
specific for sequences of MAGE-1 ,.-2, and -3, respectively (Fig. 4). This specificity is demonstrated in 
the right part of the figure showing hybridization with these three probes of PCR-ampUfacd MAGE-I, 
-2, and -3. cDNA clones. The nitrocellulose filters corresponding to both panels were hybridized, 
washed, and auto radiographed together. 
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iree MAGE genes. The PCR products were 
then tested for their ability to hybridize to 
three other oligonucleotides that showed 
complete specificity for one of the three genes 
(Fig. 4). Control experiments that were done 
by diluting RNA of melanoma MZ2- 
MEL.3.0 into RNA from negative cells indi- 
cated that under our conditions the intensity 
of the signal decreased proportionally to the 
dilution and that positive signals could still be 
detected at a dilution of 1/300. The normal 
cells that were tested by PCR were confirmed 
to be negative for the expression of the three 
MAGE genes, suggesting a level of expres- 
sion of < 1/300 that of the MZ2 melanoma 
cell line (Fig. 6). Some melanomas expressed 
MAGE genes 1, 2, and 3 whereas others 
expressed only MAGE-2 and -3 (Fig. 6 and 
Table 1). Some of the other tumors also 
expressed ail three genes, whereas others ex- 
pressed only MAGE-2 and -3 or only 
MAGE-3. The MAGE gene family, thus, is 
expressed by a large array of different tumors 
and not by most normal cells. The MAGE 
genes may participate in tumor transforma- 
tion or in aspects of tumor progression such 
as the ability to metastasize. The observation 
that MAGE- t is expressed in several melano- 
mas shows that tumors of different patients 
can express the same tumor rejection antigen 
recognized by autologous CTLs. 

We also determined the associated major 
histocompatibility complex (MHC) class I 
molecule. The class I specificities of patient 
MZ2 are HLA-A1, A29, B37, B44, and C6. 
Four other melanomas of patients that had 
Al in common with MZ2 were cotrans- 
fected with the 2.4-kb fragment and pSVt- 
kneop. Three of them yielded neo r transfec- 
tants that stimulated TNF release by anti-E 
CTL clone 82/30, which is CD8 + (Table 1). 
No E + transfectant was obtained with four 
other melanomas, some of which shared 
A29, B44, or C6 with MZ2. Thus, the 
presenting molecule for antigen MZ2-E is 
probably HLA-A1. Eight melanomas of pa- 
tients with HLA haplotypes that did not 
include Al were examined for their sensitiv- 
ity to lysis and for their ability to stimulate 
TNF release by the CTLs. None were pos- 
itive even though three expressed MAGE-1 
(Table 1). Out of six melanoma cell lines 
derived from tumors of HLA-A1 patients, 
the two Lines that expressed MAGE-i also 
stimulated TNF release by anti-E CTL clone 
82/30 of patient MZ2. One of these tumor 
cell lines, MI 13 443 -MEL, also showed high 
sensitivity to lysis by these anti-E CTLs 
(Fig. 1). The ability of some human anti- 
tumor CTLs to lyse allogeneic tumors that 
share an appropriate HLA specificity with 
the original tumor has been reported (18). 

It is difficult to definitively establish that 
antigens recognized in vitro on human tu- 
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Complete list df abbreviations of tumor antigens 707-AP 
707 alanine proline - AFP alpha (cc)-fe to protein ■ ART-4 
adenocarcinoma antigen recognized by T cells 4 • BAGE 
B antigen • p-catenin/m * /? : catenin/mutated • Bcr-abl 
breakpoint cluster region-Abelson • CAMEL CTL- 
recognized antigen on melanoma ■ CAP-l carcino- 
embryonic antigen peptide- 1 - CASP-8 caspase-8 • 
CDC27m cell-division-cycle 27 mutated ■ CDK4/m 
cycline-dependent kinase . 4 mutated *. CEA carcino- 
embryonic antigen * CT cancer/testis (antigen) ■' Cyp-B 
cyclophilin B - DAM differentiation antigen melanoma 
(the epitopes of DAM-6 and DAM-10 are equivalent, 
but the gene sequences are different; DAM-6 is also 
called MAGE-B2, and DAM- 10 is also called MAGE- 
Bl) • ELF2M elongation factor 2 mutated * ETV6- 
AM LI Ets variant gene 6/acute myeloid leukemia I 
gene . ETS - G250 glycoprotein 250 • GAGE G 
antigen • GnT-V N-acetytglucosaminyltransferase V • 
GplOO glycoprotein 100 kDa - HAGE helicose 
antigen - HER-2/neu human epidermal receptor-2/ 
neurological HLA-A*020l-Rl 701 arginine (R) to 
isoleucine (I) exchange at residue 170 of the a-helixfof 
the «2-domain in the HLA-A2 gene • HPV-E7 hurrVan 
papilloma virus E7 ■ HSP70-2M heat shock protein 70-2 
mutated • HST-2 human signet ring tumor-2 * hTERT 
or hTRT human telomerase reverse transcriptase • iCE 
intestinal carboxyl esterase • KIAA0205 name of the 
gene as it appears in databases • LAGE L" 
antigen • LD.LR/FUT low-density lipid receptor/GDP- 
L-fucose: /?-D-galactosidase 2-cc-L-fucosyltransferase • 



N. Renkvist • C. Castelli ■ G. Parmiani (£3) 
Unit of Immunotherapy of Human Tumors, 
fstituto Nazionale TumorL Via G. Venezian I, 
20133 Milan. Italy 

P. F. Robbins 

Surgery Branch, National Cancer Institute, NIH, 
. Bethesda, Maryland, USA 



recognized by T cells 



MAGE melanoma antigen * MART- 1 / Melan-A mela- 
noma antigen recognized by T cells- l/melanoma 
antigen A ■ MCIR melanocortin I receptor * Myosin/ 'm 
myosin mutated ■ MUCl mucin L * MUM- 1, -2, -J 
melanoma ubiquitous mutated I, 2, 3 * NA88-A NA 
cDNA clone of patient MS3 * NY-ESO-I New York- 
esophagus I • P15 protein L5 • pl90 minor bcr-abl 
protein of 190 kDa bcr-abl ■ Pml/RARcc promyelocyte 
leukaemia/retinoic acid receptor a • PRAME pre- 
ferentially expressed antigen of melanoma • PSA 
prostate-specific antigen • PSM prostate-specific mem- 
brane antigen * RAGE renal antigen - RUl or RU2 renal, 
ubiquitous I or 2 ■ SAGE sarcoma antigen * SART-1 or 
SART-3 squamous antigen rejecting tumor I or 3 - TEL/ 
AMLl translocation Ets -family leukemia/acute myeloid 
leukemia I • TPl/m triosephosphate isomerase 
mutated • TRP-1 tyrosinase related protein I, or 
gp75 • TRP-2 tyrosinase related protein 2 • TRP-2/ 
INT2 TRP-2/intron 2 - WTl Wilms* tumor gene 

Abbreviations used ALL acute lymphoblastic leuke- 
mia • AML acute myeloid leukemia • A PL acute prom- 
yelocyte leukemia • CML chronic myelogenous leutce 
mia • CTL cytotoxic T lymphocytes * Ets E-26 trans- 
forming specific (family of transcription factors) - H/N 
head and neck • MHC major, histocompatibility, com- 
plex • NSCLC non-small cell lung carcinoma ■ ORE 
open reading frame - RCC renal cell carcinoma * SCO 
squamous cell carcinoma • TSTA tumor-specific trans- 
plantation antigens 



Introduction 

Since the cloning of MAGE-l [125], the first gene re- 
ported to encode a human tumor antigen recognized by 
T cells, molecular identification and characterization of 
tumor antt*gens has mainly been achieved for melanoma. 
A major reason for this lies in the difficulty of estab- 
lishing cell lines in vitro from other types of cancer, such 
lines being necessary to generate tumor-specific CTL 



4 ' 

lines or clones to be used in the genetic or biochemical 
approach aimed at molecularly identifying hew cancer 
antigens. More recently, however, new approaches have 
allowed the discovery of new antigens recognized by T 
cells even in tumors other than melanoma. 

-It is, then, important to categorize these antigens, 
particularly for the HLA allele restricting their recog- 
nition by T cells and^for their tissue distribution. With 
this purpose, tumor a'ntigens have been collected in the 
present work and briefly commented. 

The list presented in the tables below includes all T- 
cell-defined epitopes encoded by tumor antigens and 
published by 31 July 2000. Analogs or artificially mod- 
ified epitopes are excluded from the list. Only tumor 
antigens recognized by T cells (either cytotoxic CDS 4- or 
helper CD4 + ) are listed, given their potential impor- 
tance in the control of tumor growth. Other antigens, 
identified by antibodies, are excluded but a large col- 
lection of them, as detected by the Serex technology, can 
be found in the data base of the Institute for Cancer 
Research (www.licr.org/SEREX.htm).. It is of note that 
many tumor antigens (e.g. MAGE, NY-ESO-la) are 
now known to be recognized by both T cells and anti- 
bodies in the same cancer patients [54]. 

In the tables herein, tumor antigens are listed in al- 
phabetic order along with the epitope sequence and the 
HLA allele which restricts recognition by T cells. Fur- 
thermore, data on the tissue distribution of each antigen 
are provided, making this listing an important source for 
easily retrieving data concerning human tumor antigens. 

The listing is meant to be a tool for scientists and 
students who have an interest in the field of tumor im- 
munology and immunotherapy. The bibliography allows 
a rapid search for more detailed information at the 
single antigen or epitope level. 

We do not ignore, however, the fact that by recent 
technologies (e.g., subtractive hybridization, represen- 
tational-difference analysis,- microarrays) hundreds of 
genes are being detected which are preferentially ex- 
pressed or overexpressed in neoplastic cells as compared 
with normal counterparts or are expressed in metastatic 
but not in primary, early lesions (e.g., melanoma, breast 
cancer, lymphoma). By using appropriate computer al- 
gorithms [9], a number of new epitopes will be identified 
that can bind MHC molecules. By applying such ap- 
proaches, a large array of gene products can be screened 
for their potential antigenic function. More cumbersome 
may be the selection of the most immunogenic epitopes 
through appropriate functional assays. 



Classification of tumor antigens 

Group 1: Class I HLA-restricted cancer/ 
testis antigens (Table 1) 

A milestone in tumor immunology was certainly the 
cloning of MAGE-l [125] and the subsequent charac- 
terization of the first T-cell-defined antigenic epitope a 



year later '[119]. Those findings were rapidly followed by 
the identification of new members within this group [6, 
123]. The MAGE, BAGE and GAGE families of genes 
were born. The antigens belonging to this group, now 
including also NY-ESO-l, were called cancer/testis (CT) 
antigens for their expression in histologically different 
human tumors and, among normal tissues, in sperma- 
tocytes/spermatogonia of testis and, occasionally, in 
placenta. These antigens now represent one of the main 
components for antitumor vaccine development. CT 
antigens result from reactivation of genes normally silent 
in adult tissues [27], but that are transcriptionally acti- 
vated in some tumors [30]. Their expression in testis does 
not provide targets for an immune reaction because cells 
of testis do not express class I HLA [56]. Despite the fact 
that the CT genes are probably the most characterized 
ones, their physiological function remains largely 
unknown. 

Considering that new genes in the group of CT an- 
tigens have been cloned (CT9 [105], CT10 [46], LAGE 
[72], MAGE-B5, -B6, -C2, -C3 and -D [74, 75], HAGE, 
SAGE [SO]), but that no T-cell epitopes have been 
identified from them yet, the question arises as to how 
many more genes encoding CT antigens remain to be 
discovered and how many epitopes exist that could be of 
use in cancer immunotherapy. 



Group 2: Class I HLA-restricted differentiation 
antigens (Table 2) 

These antigens are shared between tumors and the 
normal tissue from which the tumor arose; most are 
found in melanomas and normal melanocytes [2]. Many 
of these melanocyte lineage-related proteins are involved 
in the biosynthesis of melanin. Epitopes recognized by 
both CDS+ and CD4+ T cells can be derived from 
melanosome proteins [8, 118, 135, 136]. 

Group 3: Class I HLA-restricted widely 
expressed antigens (Table 3) 

Genes encoding widely expressed tumor antigens have 
been detected in many normal tissues as well as in his- 
tologically different types of tumors with no preferential 
expression on a certain type of cancer. It is possible that 
the many epitopes expressed on normal tissues are below 
the threshold level for T-cell recognition, while their 
overexpression in tumor cells can trigger an anticancer 
response even by breaking a previously established tol- 
erance.. These widely expressed gene products have 
revealed a broad spectrum of mechanisms that are in- 
volved in generating T-cell-defined epitopes through al- 
terations in gene transcription and translation. To 
highlight some examples, the epitope of CEA is derived 
from a non-AUG-defined alternative ORF [1], while the 
RU2 gene creates its epitope by reverse strand tran- 
scription [124], 



Table 1 Class I HLA-restricied cancer/test is -antigens. All these the GAGE genes were found to be expressed also in placenta [26, 
antigens were found to be expressed by normal spermatocytes and/ 24]. The NY-ESO-l antigen was found to be expressed in normal 
or spermatogonia of testis. Occasionally MAGE-3, MAGE-4 and ovary cells [IS] 



Gene 


HLA 


Peptide 


Authors [ret\] 


Tissue distribution among tumors^ 




allele 


epitope 






MAGE- A I 


Al 


EADPTGHSY 


Traversari et al. 1992 [1 19] 


Melanoma, breast carcinoma, SCLC [27, 29, 


MAGE- A I 


A3 


SLFRAVITK 


' Chaux et al. 1999a [16] 


125] - sarcoma, NSCLC [27, 29] - thyroid 


MAGE- At 


/\24 


NYKHCFPEf 


Fujie et al. 1999 [37] 


medullary carcinoma [125] - colon 


MAGE- A I 


A2S 


EVYDGREHSA 


Chaux et al. 1999a [16] 


carcinoma [27] - laryngeal tumors [29] ■ 


MAGE- A /, 


B37 


REPVTICAEML 


Tanzarella et al. 1999 [1 13] 


Melanoma, colon and breast carcinomas, 


-A2. -A3. -A6 








SCLC [27, 29, 1251 - sarcoma, NSCLC [27, 










29] - thyroid medullary carcinoma, H/N 










tumors, bronchial SCC [125] - laryngeal 










tumors [29] - leukemias [27] 


MAGE- A I ■ 


B53 


DPARYEFLW 


Chaux et al. 1999a [16] 


Melanoma, breast carcinoma, SCLC [27, 29, 


MAGE- A I 


Cw2 


SAFPTTINF 


Chaux et al. 1999a [16] 


124] - sarcoma, colon carcinoma, NSCLC 


MAGE- A! 


Cw3 


SAYGEPRJCL 


Chaux et al. 1999a [16] 


[27, 29] - thyroid medullary 


MAGE- At 


Cwl6 


SAYGEPRKL 


van der Bruggen et al. 1994b [127] 


carcinoma [125] 


MA GF-Al 

I Yi f\ \J L* r\ — 


A2 


K.M VELVHFL 


Visseren et al. 1997 [128] 


Melanoma, colon and breast carcinomas. 


MAGE-A2 


A2 


YLQLVFGIEV 


Visseren et al. 1997 [12S] 


SCLC [27, 29, 125] - sarcoma, NSCLC [27, 


MAGE- A 2 


A24 


EYLQLVFGI 


Tahara et al. 1999 [110] 


29] - thyroid medullary carcinoma [125] - 










laryngeal tumors [77] - leukemias [27] 


iVf f\ KJ C - fi J 


A I 




Gaugler et al. 1994 [40] 


Melanoma colon and breast carcinomas 




A2 


FLWOPR ALV 


van der Bruggen et al. 1994a [126] 


[27, 125] - H/N tumors [IS] - bronchial 


MAGE-A3 


A24 


TFPDLESEF 


Oiso et al. 1999 [89] 


SCC, thyroid medullary and bladder 


MAGE-A3 


A24 


IMPKAGLLI 


Tanakaetal. 1997 [I LI] 


carcinoma, sarcomas, SCLC, 


MAGE-A3 


B44 


MEVDPIGHLY 


Herman et al. 1996 [4S], 


NSCLC [125] - leukemias [29] 








Fleischhauer et al. 1996 [35] 




MAGE-A3 


B52 


WQYFFPVIF 


Russo et al. 2000 [103] 






r\i 


vj v i lj \j i\. c n i v 


nufTour et at 1999 1*331 


Melanoma NSCLC"* sarcnmas esonhaotial 










colon and breast carcinomas [27] 


A/f Jd F- J A 


AJ-t 


ivfVK i^nnpR 


Zorn and Hercend, 1999b [147] 


Melanoma NSCLC colon carcinoma 










leukemias [27] 


M ALr A tU 




rif YnPfNyf FHT 
\j I uui v icnu 


Himno rt nl IQQQ fS^l 
n Ll a ; l ^ Cl ul. 17?7 [JiJ 




MAGE-A12 


Cw7 


VRIGHLYIL 


Panelli et al. 2000 [91], 


Melanoma, myeloma, brain tumors, sarcoma, 








Heidecker et al. 2000 [47] 


leukemias, SCLC, NSCLC, H/N tumors, 










bladder, lung, esophageal, breast, prostate 










and colorectal carcinoma [27] 


BAGE 


Cwl6 


AARAVFLAL 


Boel et al. 1995 [6] 


Melanoma, bladder and mammary 










carcinomas. H/N SCC, NSCLC, sarcoma 


DAM-6. -10 


A2 


r L W O tr RA Y A 


r leiscnnauer ec ai. iyyo ijoj 


Melanoma, skin tumors, mammary and 










ovarian carcinomas [77] - lung 










carcinoma [25, 77] - seminomas [25] 


GAGE- 1, -2, -8 


Cw6 


YRPRPRRY 


Van den Eynde et al. 1995 


Melanoma, sarcoma, NSCLC, SCLC, 








[123], De Backer et al. 


mesothelioma, sarcoma, seminoma, 








1999 [26] 


leukemias, lymphomas, H/N tumors, 










bladder, esophageal, mammary, 










colon, prostate carcinomas 


GAGE-3. -4. 


A29 


YYWPRPRRY 


De Backer et al. 1999 [26] 


Melanomas, H/N tumors, leukemias. 


-5, -6, -78 








esophageal, lung and bladder carcinomas 


HA83-A 


B13 


MTQGQHFLQKV 


Moreau-Aubry et al. 2000 [82] 


Melanoma 


iVY-ESO-t 


A2 


SLLMWITQCFL 


Jager et ah 1998 [54] 


Melanoma, sarcoma, B-lymphomas, hepa- 


NY-ESO-Ia 


A2 


SLLMVViTQC 


Jager et al. 1998 [54] 


toma, H/N tumors, bladder, lung, prostate. 


(CAG-3) 


A2 


QLSLLMWIT 


Jager et al. 199S [54] 


ovarian, thyroid and breast carcinoma [IS] 


A31 


ASGPGGGAPR 


Wang et al. 1998b [134] 





"Tissue distribution among tumors as described in the given references when different from the paper first reporting the sequence of the 
epitope 



Group 4: Class I HLA-restricted, tumor-specific 
antigens (Table 4) 

Unique tumor antigens arise from point mutations of 
normal genes (like /?-catenin, CDFC4) [98, 137], whose 
molecular changes often accompany neoplastic trans- 



formation or progression. These antigens are thus ex- 
pressed only in the individual tumor where they were 
identified, since it is unlikely that the same mutation may 
occur in two different neoplasms unless it involves genes 
(e.g. RAS) whose alteration is an obligatory step in 
neoplastic transformation. 
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.Table 2 Class I HLA-restricted 
melanocyte differentiation anti- 
gens. These antigens can only 
be expressed in normal and 
neoplastic cells of the same 
lineage (namely melanocytes, 
skin, retina, peripheral ganglia) 
or in normal cells of the pros- 
tate gland 



Gene 


HLA allele 


Peptide epitope 


Authors [ref.] 


MA RT-I/ Melon- A 


A2 


AAGIGILTV 


Coulie et al. 1994 [22],. 








rs»ci wet t\.cin ii et ai. lyvHa Ljoj 




A2 


EAAGLGILTV 


Schneider et al. 199S [106] 




A2 


ILTV1LGVL 


Casteili et ah 1995 [14] 




B45 


AEEAAGIGIL 


Schneider et al. 199S [106] 




B45 


AEEAAGIGILT 


Schneider- et al. 1998 [106] 


MC / R 


A T . 
r\ — 


Trr r nrFFi 

1 t L vj l rrL 


otiiazar-wni ray et ai. iyy/ [iu4j 




A 1 




O a itXCtl l-KJ III lay CI al. 177 / [lUnj 


GplOQ 


A2 


KTWGQYWQV 


Bakker et al. 1995 [3] 




A2 


AMLGTHTMEV 


Tsai et al. 1997 [120] 




A2 


MLGTHTMEV 


Tsai et al. 1997 [120] 




A2 


SLADTNSLAV 


Tsai et al. 1997 [120] 




A2 


ITDQVPFSV 


Kawakami et af. 1995 [61] 




A2 


LLDGTATLRL 


FCawakami et al. 1994b [59] 




A2 


YLEPGPVTA 


Cox et al. 1994 [24] 




A2 


VLYRYGSFSV 


Kawakami et al. 1995 [61] 




A2 


RLMKQDFSV 


Kawakami et al. 199S [62] 




A2 


• RLPRIFCSC 


Kawakami et al. 199S [62] 




A3 


LIYRRRLMK 


Kawakami et al. 199S [62] 




A3 


A L N r r Lr bCj K 


Kawasnima et al. 1998 [o^J 




A3 


bLlYKKKLlvlK 


Kawasnima et al. lyyo [co] 




A3 


ALLAVGATK 


Skipper et al. 1996 [108] 




A24 


VYFFLPDHL 


Robbins et al. 1997 [99] 




CwS 


SNDGPTLl 


Casteili et al. 1999 [15] 


PSA 


A I 


VSHSFPHPLY 


Corman et al. 199S [20] 




A2 


r L I r KK.LQC V 


Correale et al. 1997 [21] 




A2 


VISNDVCAQV 


Correale et al. 1997 [21] 


PSM 


Al 


HSTNGVTRIY 


Corman et al. 199S [20] 


Tyrosinase 


Al 


KCDICTDEY 


Kittlesen et al. 199S [6S] 




Al 


SSDYVIPIGTY 


FCawalfami pr nl 1 Q09 \fO\ 




A2 


YMDGTMSQV 


Wolfel et al. 1994 [137] 




A2 


MLLAVLYCL 


Wolfe! et al. 1994 [137] 


■~- 


A24 


AFLPWHRLF 


Kang et al. 1995 [57] 




B44 


SEIWRDtDF 


Brichard et al. 1996 [10] 


TRP-l (or gp75) 


A31 


MSLQRQFLR 


■ Wang et al. 1996b [132] 


TRP-2 


A2 


SVYDFFVWL 


Parkhurst et al. 199S [92] 




A2 


TLDSQVMSL 


Noppen et al. 2000 [86] 




A31 


LLGPGRPYR 


Wang et al. 1996a [131] 




A33 


LLGPGRPYR 


Wang et al. l99Sa [133] 




CwS 


ANDPIFVVL 


Casteili et al. 1999 [15] 



a Two different groups simultaneously discovered this gene and gave it two different names, MART- 1 
and Melan-A respectively 



Table 3 Class I HLA-restricted widely expressed antigens 

Gene HLA Peptide epitope Tissue distribution Reference 



Tumors Normal tissues 



ART-4 


A24- 


AFLRHAAL 


SCC, SCLC, H/N tumors, 


Testis, placema. 


Kawano et al. 2000 [64] 






DYPSLSATDI 


leukemia, lung, esophageal, 
gastric, cervical, endometrial, 
ovarian and breast 
carcinomas 


fetal liver 


CA MEL 


A2 


MLMAQEALAFL 


Melanoma 


Testis, placenta, heart. 


Aarnoudse et al. 1999 [I] 










skeletal muscle, pancreas 


CEA 


A2 


YLSGANLML 


Melanoma 


Testis, placenta, heart, 


Tsang et al. 1995 [121] 






(CAP-t) a 




skeletal muscle, pancreas 


CEA 


A3 ; 


HLFGYSWYK 


Colon, rectum, pancreas, 


Gastrointestinal 


Kawasnima et al. 1999 [66] 








gastric, breast and lung 


embryonic tissue 








carcinomas 






Cyp-B 


A24 


KFHRVIKDF 


Lung adenocarcinoma, 


Ubiquitously expressed 


Gomi et al. 1999 [42] 




DFMrQGGDF 


T cell leukemia, 
lymphosarcoma - bladder, 
ovarian, uterine and 
! esophageal SCC 


in normal tissues 



'Tn I) I e 3 (Continued) 



Oene 




P^nti Hp- ^ r"\ i f a 

1 CpilLlC CpitUpc 


tissue oiscriuULion 




i\cicrcncc 








l li mo rs 


Mnrmfl 1 ftccii*»c 
l^UIIlldl Lt jo UCb 




HER2fneu 


A2 


KtFGSLAFL 


Melanoma - ovarian and 


Epithelial cells 


Fisk et al. 1995 [34] 






breast carcinomas 




HER2/neu 


A2 


IISAWGtL 


Melanoma, ovarian, 


Epithelial cells 


Peoples et al. 1995 [95] 








pancreatic [96] b and 










breast carcinomas 






HER2fneu 


A2 


RLLQETELV 


Melanoma, ovarian, gastric. 


epithelial cells 


K.ono et al. lyya [71] 








pancreatic [96] and breast 












carcinomas 






HER2/neu 


A2 


VV LG W FGl 


Melanoma, ovarian. 


Epithelial cells 


RongcuQ et al. 1999 [101] 




ILHNGAYSL 


gastric, pancreatic [96] 








YMlMVICCwM L 


and breast carcinomas 






HER2jneu 


A3 


VLRENTSPFC 


Melanoma, ovarian, gastric, 


Epithelial cells 


ICawashima et al. 1999 [66] 








pancreatic [96] and 












breast carcinomas 






hTERT c 


A2 


ILAJCFLHWL 


Lung and ovarian carcinomas 


Hematopoietic stem cells 


Vonderheide et al. 








- multiple myeloma. 


and progenitors; germinal 


1999 [131] 








melanoma, sarcoma, acute 


center cells; basal 








leukemias, non-Hodgkin's 


keratinocytes; gonadal 










lymphomas 


cells; certain proliferating 










epithelial cells 






A2 


ILAK.FLHWL 


Lung, prostate and ovarian 


Circulating B cells; germinal 


Minev et al. 2000 [SI] 






RLVDDFLLV 


carcinomas, multiple 


center B cells; thymocytes; 








myeloma, melanoma, 


CD34 + progenitor 










sarcoma, acute leukemias, 


hemopoietic cells 










non-Hodgkin's lymphomas 




iCE 


B7 


SPRVVWPTCL 


RCC 


KJdney, colon, smalt 


Ronsin et al. 1999 [102] 










intestine, liver, heart, 












pituitary gland, adrenal 












sland, prostate, stomach 




MUCl 


All 


STAPPAHGV 


Breast and ovarian 


No"ne d 


Domenech et al. 1995 [31] 








carcinomas, multiple 












myeloma, B-cell lymphoma 






MUCl 


A2 


STAPPVHNV 


Breast and ovarian carcinoma, 


None d 


Brossart et al. 1999 [11] 








multiple myeloma, 












B-cell lymphoma 






MUC2 


A2 


LLNQLQVNL 


Ovary, pancreas and breast 


Colon, small intestine, 


Bohm et al. 199S [7] 






MLWGWREHV 


mucinous tumors, colon 


bronchus, cervix and 










carcinoma of non- 


gall bladder 










mucinous type 






FRAME 


A24 


LYVDSLFFL 


Melanoma, H/N and tuna 


Testis, endometrium. 


Ikeda et al. 1997 [53] 








' SCC. NSCLC [122], RCC, 


ovary, adrenals, 








adenocarcinoma, sarcoma, 


kidney, brain, skin 










leukemias [122] 






PIS 


A24 


AYGLDFYIL 


Melanoma 


Testis, spleen, thymus. 


Robbins et al. 










liver, kidney, adrenal 


1995 [97] 










tissue, lung tissue. 












retinal tissue 




RUl 


B51 


VPYGSFKHV 


Melanoma, renal and 


Testis, kidney, heart, skin. 


Morel et al. 2000 [331 








bladder carcinomas 


brain, ovary, liver, lung. 












lymphocytes, thymus, 












fibroblasts 




RU2 


B7 


LPRWPPPQL 


Melanoma, sarcomas leukemia 


Testis, kidney, liver, 


Vaa den Eynde et al. 






- brain, esophageal and H/N 


urinary bladder 


1999 [124] 








tumors — renal, colon. 












thyroid, mammary, bladder. 












prostatic and lung carcinomas 






SART-i . 


A24 


EYRGFTQDF 


Esophageal, H/N and lung 


Testis, fetal liver 


KJkuchi et al. 1999 [67] 






SCC - adenocarcinoma, 












uterine cancer 






SART-I 


A*260l 


KGSGK.M tCTE 


Esophageal, H/N and lung 


Testis, fetal liver 


bhicnijo et al. 199S [107] 








SCC, adenocarcinoma, 












uterine cancer ' 






SART-3 


A24 


VYDYNCH VDL 


H/N, esophageal and lung 


Lymphoid cells, 


Yang et al. 1999 [1 39] 






AYlDFEMfCI 


SCC, adenocarcinoma, 


fibroblasts, testis. 










leukemia, melanoma 


fetal liver. 




WTl 


A2 


RMFPNAPYL 


Gastric, colon, lung, breast. 


tCidney, ovary, 


Oka et al. 2000 [90] 








ovary, uterine, thyroid and 


testis, spleen 










hepatocellular carcinomas 












- leukemia (including 












AML. ALL and CML) 







a CAP-l is an alternative name of this peptide 

b Tissue distribution among tumors as described in the given references when different from the paper first reporting the sequence of the epitope 
L Telomerase is expressed in most human tumors: those listed were shown to be susceptible to lysis by cytotoxic T lymphocytes 
d AH epithelial tissues express mucin-like hyperglycosylated molecules 



Tulile 4 Class I HLA-restricted tumor-specific antigens, including both unique (CDK-4, MUM-l, MUiM-2, /?-catenin, HLA-A2-R1701, 
ELF2 m, myosin-m, caspase-S, K1AA0205, HSP70-2m) and shared (CAMEL, TRP-2/INT2, GnT-V, G 250) antigens 



Gene. 


HLA 


Peptide epitope 


Tissue distribution 




Reference 




allele 






Normal tissues- 










Tumors 




AFP 


A2 


GVALQTMKQ 


Hepatocellular carcinoma 


Fetal liver 


Butterfield et aL 1999 [12] 


p-Cateninfm 


A24 


SYLDSGIHF 


Melanoma 


None 


Robbins et al. 1996 [98] 


Cospose-Sjm 


B35 


FPSDSVVCYF 


H/N tumors 


None 


Mandruzzato et ai. 1997 [78] 


CDK-4/m 


A2 


ACDPHSGHFV 


Melanoma 


None 


Wolfel et al. 1995 [133] 


ELF2 M 


A6S 


ETVSEQSr>TV 


Lung SCC 


None 


Hogan et al. 199S [50] 


GnT-V 


A2 


VLPDVFIRC(V) a 


Melanoma, brain 
tumors, sarcoma 


Breast and 
brain (low 
expression) 


Guilloux et al. 1996 [45] 


G250 . 


A2 


HLSTAFARV 


RCC, colon, ovarian and 
cervical carcinomas 


None 


Vissers et al. 1999 [129] 
* 


HSP70-2M • 


A2 


SLFEGIDIY 


RCC, melanoma, 
neuroblastoma 


None 


Gaudin et aL 1999 [39] 


HA-A*020J-R170f 


A2 


CVEWLRIYLENGK. 


RCC 


None 


Brandle et al. 1996 [9) 


HST-2 


A3 I 


YSWMDISCWI 


Gastric signet cell carcinoma 


None 


Suzuki et al. 1999 [109] 


KI A AO 20 5 


B44*03 


AEPINIQTV 


Bladder cancer 


None 


Gueguen et al. 199S [44] 


MUM- 1 


B44 


EEKLIWLF 


Melanoma 


None 


Coulie et aL 1995 [23] 


MUM-2 


B44 


SELFRSGLDY 


Melanoma 


None 


Chiari et aL 1999 [19] 


MUM-2 


Cw6 


FRSGLDSYV 


Melanoma 


None 


Chiari et al. 1999 [19] 


MUMS 


A2S 


EAFIQPITR 


Melanoma 


None 


Baurain et al. 2000 [4] 


Myosi/t/ nt 


A3 


PCINKNPfCYK 


Melanoma 


None 


Zorn and Hercend, 










1999a [146] 


RAGE 


B7 


SPSSNRIRNT 


Melanoma, sarcomas, 
mesotheliomas, H/N 
tumors, bladder, renal, 
colon and mammary 
carcinomas 


Retina only 


Gaugler et aL 1996 [41] 


SART-2 


A24 ■ 


DYSARWNEI 


H/N and lung SCC, lung 
adenocarcinoma, RCC, 


None 


Nakao et al. 2000 [85] 


















melanoma, brain tumors, 












esophageal and 












uterine cancers 










AYDFLYNYL 












SYTRLFLIL 






Lupetti et al. 199S [76] 


TRP-2/fNT2 


A63 


EVISCKLIKR 


Melanoma 


None 


707- A P 


A2 


RVAALARDA 


Melanoma 


None b 


Morioka et al. 1995 [84] 



a VLPDVFIRC(V) = nonamer and decamer peptides are both recognized by CTLs 

b This antigen is not expressed in normal cells but, as the tissue of the testis was not tested, it will not become clear to which category the 



antigen may belong, until more information is available 

In mouse models unique antigens have been shown to 
be more immunogenic than the other groups of shared 
antigens [32]; since unique antigens are responsible for. 
the rejection of tumor transplants in mice, they have 
been defined as tumor-specific transplantation antigens 
(TSTA). The unique antigens are the most specific tar- 
gets for immunotherapy, but this potential advantage 
must be balanced against the almost total impossibility 
of their clinical use, as they can induce an immune 
response only against the original tumor on which they 
were found. 

Other tumor-specific but shared antigens have been 
described which are generated by alteration in splicing 
mechanisms and which occur in tumor but not in normal 
cells, as in the case of TRP-2/INT2 [76]. 



Group 5: Class II HLA-restricted antigens (Table 5) 

Stimulation of the CD4+ T helper cells by tumor 
antigens is considered to be impaired or absent in 



cancer patients and this may be the reason of an in- 
sufficient immune response to tumors. Therefore the 
identification of tumor antigen epitopes recognized by 
such lymphocytes is a crucial step in the long sought 
improvement of antitumor immune response that may 
result into clinical efficacy. The first epitope presented 
by a class II HLA and capable of provoking a CD4 + 
T-cell response was identified in 1994 in melanoma 
tyrosinase [117]. Then a gap of 4 years followed 
during which only one additional epitope was char- 
acterized [118], before other genes encoding class 
II-restricted peptides were discovered. However, as the 
technical and methodological approaches for identify- 
ing CD4+ T-cell epitopes of tumor antigens have 
become available, an exponential increase in reporting 
such epitopes has been seen. In fact, since 1998 as 
many as 27 new class II HLA-restricted epitopes from 
14 antigens have been molecularly identified using, 
among others, Ii-cDNA fusion libraries [135], immu- 
nized transgenic mice [145] and biochemical ap- 
proaches [96], 
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Table 5 Class U HLA-restricted antigens 



Gene 



HLA allele Peptide epitope 



Tissue distribution 



Reference 



Tumors 



Normal tissues 



Epitopes from normal 
Annex in !l 

' GpWO 

MAGE- 1, -2. -3. -6 

MAGES 
MAGES 

MART- If Melon- A 
MUCl 

MY-ESO-1 



protein antigens 

DRB*040l DVPKWISIM- 



NY-ESO-I 



PSA 



Tyrosinase 

Tyrosinase 
Tyrosinase 



DRB 1*0401 

DRB*130l 
DRB* 1302 

DR* 1 101 

DRB* 130 1 ■ 
DRB* 1302 
DRBl*040l 

DR3 



TERSVPH 
WNRQLYPE- 

WTEAQRLD 
LLKYRAREP- 

VTKAE 

TSYVKVLHHM- 

VKISG 
AELVHFLLLK- 

YRAR 
RNGYRALMDK.S- 

LHVGTQCALTRR 
PGSTAPPAHGVT 



DRB4*0l0l VLLKEFTVSG 



DRB4*0101- 
0103 



DR4 



DRB 1*040 1 

DRBIM501 
DRB1*0405 



PLPVPGVLLfC- 

EFTVSGNI 
VLLfCEFTVSG- 

NILTIRLT 
AADHRQLQL- 

SISSCLQQL - 
ILLGRMSLFM- 

PEDTG 
SLFHPEDTGQVFQ 
QVFQVSHSFPHPLYD 
NDLMLLRLSEPAELT 
KKLQCVQLHVISM 
GVLQGITSMGSEPCA 
QNILLSNAPLGPQFP Melanoma 
DYSYLQDSDPD- 
SFQD 

SYLQDSDPDSFQD 
RHRPLQEVYP- Melanoma 

EANAPIGHNRE 
EIWRDEDFAHE Melanoma 



Melanoma 
Melanoma 

Melanoma, lung and 

breast carcinomas, 

H/N SCC 
Melanoma, lung and breast 

carcinomas, H/N SCC 
Melanoma, lung and breast 

carcinomas, H/N SCC 
Melanoma 

Breast and ovarian cancers, 
multiple myeloma, 
B-cell lymphoma 
Melanoma, B-lymphoma, 
hepatoma [I8] b , sarcoma, 
H/N tumors, - bladder, lung, 
prostate, ovarian, thyroid 
and breast carcinomas 
B-lymphoma, melanoma, 
sarcoma, H/N tumors, 
hepatoma [18] - bladder, 
lung, prostate, ovarian, 
thyroid and breast 
carcinomas 
Melanoma 



Not done 
Melanocytes 
Testis, placenta 

Testis, placenta 
Testis, placenta 
Melanocytes 
None 3 

Testis 
Testis 



Melanocytes 



Epitopes from mutated protein antigens 

HPV-E7 DR*0401 LFMDTLSFVCPLC 

DR*0407 LFMDSLNFVCPWC 
CDC27jm DRB 1*040 1 FSWAMDLDPKGA 



TPf/m 



DRB1*0101 



Cervical carcinoma 
Melanoma 
GELIGILNAAKVPAD Melanoma 



Melanocytes 

Melanocytes 
Melanocytes 

None 
None 
None 



Li et al. 1998 [73] 

Li et al. 199S [73] 

Chaux et al. 
1999a [16] 

Manici et al. 

1999 [79] 
Chaux et al. 

1999b [17] 
Zarour et al. 
. 2000 [143] 
Hiltbold et al. 

199S [49] 

Zeng et al. 

2000 [145] 



Jager et al. 
2000 [55] 



Cormao et al. 
199S [20] 



Topalian et al. 

1994 [117], 
Topaliaa et al. 

1996 [118] 
Kobayashi et al. 

■1998a [69] 
Kobayashi et al. 

l99Sb [70] 

Hohn et al. 

1999 [51] 
Wang et al. 

1999a [135] 
Pieper et al. 1999 [96] 



a All epithelial tissues express highly glycosilated mucins whereas tumor cells often show hypoglycosilated mucins with a normal protein 
sequence 

b Tissue distribution among tumors as described in the given references when different from the paper first reporting the sequence of the 
epitope 



It is of note that even class II-restricted antigens in- 
clude a subgroup of mutated proteins which, therefore, 
represent truly tumor-specific antigens. 



Group 6: Fusion proteins (Table 6) 

In several malignancies, particularly in some forms of 
leukemia, the molecular mechanism of carcinogenesis 



involves translocation of chromosomes which results in 
fusion of distant genes. This often causes the synthesis of 
fusion proteins which characterize each type of disease 
(e.g., bcr-abl and pml-RARc* in CML and APL, re- 
spectively) and generate new epitopes that can be rec- 
ognized by T cells, either CDS + or CD4+ in class I or 
class II HLA restriction, respectively. Although these 
epitopes appear to be weakly immunogenic in leukemia 
patients [2S], some of these peptides or proteins 
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Tabic 6 Epitopes derived from fu sion proteins (Fusion proteins are never found in normal tissues) 
Gene H LA allele Peptide epitope 



HLA class I restricted epitopes 
bcr-abt* A2 



bcr-abl p2l0(b3a2) A2 

bcr-abl (b3a2) A3 

bcr-abt p210 (b3a2) A3, All 

bcr-abl p2l0(b3a2) A3 

bcr-abl p210(b3a2) BS 

■ ETV6/AML A 2 

HLA class II restricted epitopes 

bcr-abl pl90 (ela2) . DRBI*1501 

bcr-abl p210 (b2a2) DRB5*0l0l 

bcr-abl p2I0 (b3a2) . DRBl*040l 

bcr-abl p2J0 (b3a2) DRBl*l50l 

bcr-abl (b3a2) DRB 1*0901 

bcr-abl (b3a2) DRBl*ll0l 

bcr-abl (b3a2) DRU 

Dek-cain DRB4*0103 

LDLR/FUT DRBl*0l0l 

Pmi/RARa DRU 

pl90 minor bcr-abl (ela2) DRBIM501 

TEL/ AM LI DP5.DP17 



fmvelvega 

klseqesll 

mltnscvkl 

sskalqrpv 

atgfkqssk 

kqsskalqr 

hsatgfkqssk 

kqsskalqr 

gfkqsskal 

riaecilgm 

egafhgdaealqrpvas 

ipltinkeealqrpvas 

atgfkqsskalqrpvas 

atgfkqsskalqrpvas 

atgfkqsskalqrpvas 

livvivhsatgfkqss- 

kalqrpva 
ivhsatgfkqsskalqrp- 

VASDFEP 
TMKQ-ICKKEIRRLHQY 
GGAPPVTWRRAPAPG 
VVRRAPAPGAKAMAPG 
NSNHVASGA- 
GEAAIETQSSSSEEIV [2S] 
EGAFHGDAEALQRPVAS 
IGRIAECILGMMPSR 



Tissue 
distribution 
among tumors 



Reference 



CML 



Buzyn et al. 1997 [13] 



CML 


Yotnda et al. 1998a [141] 


CML 


Greco et al. 1996 [43] 


CML 


Bocchia et al. 1996 [5] 


CML 


Norbury et al. 2000 [87] 


LM L 


Nfrtrhnrv ft al 7fl00, TS71 

[N UULV wl €11. —\J\J\J ^<J i J 


A T T 

ALL 


I OLiiOd CL ell. 17/ou L l -tij 


ALL 


Tanaka et al. 2000 [I 12] 


CML 


ten Bosch et al. 1999 [116] 


CML 


ten Bosch et al. 1996 [115] 


CML 


ten Bosch et al. 1996 [115] 


CML 


Yasukawa et al. 1998 [140] 


CML 


Pawelec et al. 1996 [93] 


CML 


Bocchia et al. 1996 [5] 


AML 


Ohminami et al. 1999 .[SS] 


Melanoma 


Wang et al. 1999b [132] 


APL 


Gambacorti-Passerini et al. 




1993 [38] 


AML 


Tanaka et al. 2000 [112] 


AML 


Yuri et al. 1999 [143] 



a These bcr-abl epitopes are not true fusion proteins gene rated -epitopes, because they 



derive from outside the bcr-abl junction 



Table 7 Frequency of epitopes 
recognized by a given HLA 
allele 



Antigen 




No. of 
epitopes 


HLA-A 


HLA-B 


HLA-C 


MAGE- 1, -2, -3, -4 
GAGE-l. -2, -3, -4, 
MART- 1 
GplOO - 
Tyrosinase 


, -6, -10, -12 
, -5, -6, -7B, -8 


24 
8 
6 

12 
6 


13 (54%) 
5 (62.5%) 

4 (67%) 
1 1 (92%) 

5 (83%) 


7 (29% 
0 

2 (33%) 
0 

I (17%) 


4(17%) 
3 (37.5%) 
0 

I (8%) 
0 



can nevertheless, be used to pulse- dendritic cells for 
vaccination. 



Frequency of epitopes recognized by a given 
HLA allele (Table 7) 

In Table 7 we have summarized, for those antigens from 
which a high number of epitopes have been described 
(e.g., CT and differentiation antigens of melanoma) the 
distribution of epitopes recognized- in the context of 
different HLA loci. This table shows that the majority 
of epitopes are seen as restricted by HLA-A in all the 
three groups of antigens considered. Whether this 're- 
flects a bias caused by the fact that most of the studies 
have been carried out with HLA-A-restricted T cells or 
is mediated by the immunodominant role of the HLA 
locus in recognition of tumor antigens remains to-be 
established. 



Conclusions 

Several excellent and timely reviews on tumor antigens 
have been published periodically during the past few 
years [8, 63, 100]. However, to our knowledge a com- 
prehensive list of all available tumor antigens and their 
epitopes and- HLA restriction has never been reported, 
despite the fact that the features of each antigen can be 
easily found in data bases. We hope that our work may 
be of interest for many tumor immunologists and stu- 
dents. Needless to say, we may have inadvertently mis- 
sed information on some antigens despite our careful 
scrutiny of the published literature; therefore, we will be 
grateful to any readers who provide us with any missing 
information. We now plan to update these tables bi- 
monthly in order to keep our data base as informative as 
possible. The antigen list can also be found at the INT 
website (www.istitutotumori.mi.it). 
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In 1929, reviewing the available information concerning 
cancer immunotherapy, W. H. Woglom wrote, "It would 
be as difficult to reject the right ear and leave the left 
ear intact as it is to immunize against cancer" (1929). 
Minimal progress had been made since the earliest de- 
scriptions of attempts to immunize against cancer by 
Nooth, the surgeon to the Duke of Kent, who in 1777 
inoculated himself with cancer tissue, or the physician 
to Louis XVIII, who in 1808 injected himself with breast 
cancer tissue. Knowledge of the cellular immune system 
was sparse, and as late as 1958 the Journal of Immunol- 
ogy did not list the word "lymphocyte" in its index. Most 
attempts to develop cancer vaccines involved immuni- 
zation of cancer patients using either their own or alloge- 
neic tumors along with a variety of nonspecific immune 
adjuvants. Even as the basic tenets of modern cellular 
immunology were elucidated, studies of cancer immu- 
notherapy languished at the periphery of respectable 
science due to a lack of information regarding the molec- 
ular identification of the components of the putative 
immune reaction against human cancers. 

In the past decade, however, the convergence of infor- 
mation from basic studies of cellular and molecular im- 
munology and the application of recombinant DNA tech- 
niques to produce pharmacologic quantities of biologic 
molecules normally present only in minute amounts 
have substantially changed views concerning the im- 
mune response to human cancer and have provided 
the first demonstrations that immune reactions against 
cancer antigens can lead to the regression of invasive 
tumors in selected patients. The molecular identification 
of tumor antigens, their immunodominant peptides, and 
the T cell receptors that recognize them have placed 
studies of tumor immunology and immunotherapy in the 
mainstream of immunologic research. 

Methods for the Detection of Tumor Antigens 
Four major techniques have been used to identify cancer 
antigens capable of eliciting cellular immune reactions 
in humans. The majority of human tumor antigens now 
known have been identified by the transfection of geno- 
mic DNA or cDNA libraries into cells expressing the 
appropriate MHC molecule, followed by the identifica- 
tion of transfectants using cytokine release or lysis by 
human T cells with specific antitumor reactivity (Boon, 
1993; Rosenberg, 1996). Biochemical approaches have 
had more limited success in the identification of human 
cancer antigens. Attempts have been made to elute 
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peptides from tumor cells or from MHC molecules puri- 
fied from tumor cells and to detect fractions capable 
of stimulating antitumor T cells after pulsing purified 
fractions onto antigen-presenting cells. Triple quadra- 
pole mass spectrometric techniques have then been 
used to sequence the minute quantities of peptides ob- 
tained (Cox et a!., 1994). This approach has been se- 
verely limited by the need for custom-made, highly spe- 
cialized equipment and the requirement that peptides 
be present in sufficient quantity to enable their identifi- 
cation by these physical techniques. 

The ability of antigen-presenting cells to endocytose 
proteins and present peptides on class II MHC mole- 
cules has been utilized to identify antigens recognized 
by CD4 T cells, although thus far few antigens have been 
identified using this approach (Topalian et al., 1994). 

Each of the three techniques mentioned above is de- 
pendent on the prior availability of T cells capable of 
recognizing tumor antigens, a requirement that often 
cannot be met. A fourth approach to the identification 
of tumor antigens has involved attempts to develop, by 
in vitro sensitization techniques, T cells against candi- 
date tumor antigens (Parkhurst et al., 1998). T cells suc- 
cessfully generated in vitro against candidate antigens 
have then been tested for their ability to recognize intact 
tumor cells, and the presence of such reactivity provides 
strong evidence that these candidate proteins represent 
tumor antigens. Genes encoding candidate tumor anti- 
gens have been transfected or transduced into antigen- 
presenting cells or synthesized peptides from candidate 
antigens based on known MHC-binding motifs have 
been pulsed onto antigen-presenting cells and used for 
these in vitro sensitizations. 

An alternate technique for the identification of tumor 
antigens that is also not dependent on the prior availabil- 
ity of antitumor T cells has recently been described. This 
approach, called serological analysis of recombinant 
cDNA expression libraries (SEREX), uses diluted serum 
from cancer patients to detect prokaryotically ex- 
pressed cDNA libraries prepared from tumors (Sahin et 
al., 1995; Chen et al., 1997). This approach is based on 
the assumption that antibody production implies that a 
helper T cell reaction exists against the detected anti- 
gen. At least one tumor antigen, NY-ESO-1, subse- 
quently shown to be reactive with CD8 + T cells, has 
been identified using this approach (Chen et al., 1997), 
and other candidate antigens are being studied (Tureci 
et al., 1996). 

Characteristics of Tumor Antigens 
An unexpected diversity of mechanisms can result in the 
generation of antigenic epitopes recognized by tumor- 
specific T cells. These epitopes have come from normal 
nonmutated genes whose expression is limited to can- 
cer and selected normal tissues, from aberrantly ex- 
pressed intronic sequences, from alternative open read- 
ing frames of normal genes, and from mutations specific 
to the individual cancer (Table 1 ). 

Malignant melanomas have been a particularly rich 
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Table 1. Defined Cancer Antigens 



Antigen Category 


Gene 


MHC Restriction 


Melanocyte 


MART-1/MelanA 


A2, B45 


differentiation 


gp1 00 


A2, A3, A24 




Tyrosinase 


Al, A2, A24.DR4 




TRP-1 


A31 




TRP-2 


A2. A31. A68 


Cancer testis 


MAGE-1 


A1.Cw16 




MAGE-3 


A1. A2, B44 




GAGE-1/2 


Cw16 




BAGE 


Cw16 




RAGE 


B7 




NY-ESO-1 


A2, A31 


Tumor specific 


CDK-4 


A2 




0 -eaten in 


A24 




MUM-1 


B44 




Caspase-8 


B35 




KIAA0205 


B44 




HPVE7 


A2 


Widely expressed 


SART-1 


A26 




PRAME 


A24 




p15 


A24 



source of tumor antigens that are found not only on 
melanomas but on other tumor types as well. Two major 
categories of normal, non-mutated genes that encode 
shared tumor antigens have been identified: (1) differen- 
tiation antigens shared on melanomas and melanocytes, 
and (2) differentiation antigens shared on a variety of 
tumors as well as normal testes. 

the expression of one family of differentiation anti- 
gens is limited to melanomas as well as melanocytes, 
the cell of origin of this tumor, and pigment-producing 
cells in the retina. The T cells used to identify these rnela- 
noma/melanocyte differentiation antigens have largely 
been derived from tumor-infiltrating lymphocytes (TIL) 
obtained from patients with growing cancers or from 
autologous mixed-lymphocyte tumor cultures (Boon, 
1993; Rosenberg, 1996). The presence of precursors 
capable of reacting with normal nonmutated self-anti- 
gens within the tumor has suggested that the inflam- 
matory microenvironment at the site of the tumor has 
resulted in the breaking of peripheral tolerance to these 
antigens. Alternatively, the tumor may have acted as 
a "sink" for the accumulation of precursors normally 
present, since precursors to at least one of these anti- 
gens has also been found in normal individuals. 

The most common antitumor reactivity found in mela- 
noma patients is directed against the MART-1/MelanA 
antigen, which is a 118-amino acid protein of unknown 
function that contains a 21 -amino acid transmembrane 
region (Coulie et al., 1994; Kawakami et al., 1994a). The 
immunodominance of this antigen in HLA-A2 individuals 
is striking (Kawakami et al., 1994c). Of 29 HLA-A2+ TIL 
exhibiting HLA-A2-restricted recognition of shared tu- 
mor antigens, 21 reacted with the MART-1 protein. In 
all 21 cases, these TIL recognized the identical 9-mer 
AAGIGILTV peptide. A MART-1 epitope has also been 
identified that is restricted by HLA-B45 (Schneider et 
al., 1998). Responses to the MART-1 /Melan A epitope 
can be readily elicited in vitro from peripheral lympho- 
cytes of normal nonmelanoma-containing individuals 
(Marincola et al., 1996). MART-1 -reactive T cells can 



react with differing peptides derived from a variety of 
exogenous antigens including viral proteins, and cross- 
reactivity with these epitopes may result in the high 
precursor frequency of T cells against the MART-1 epi- 
tope (Loftus et al., 1996). 

Of the 29 HLA-A2-reactive TIL, 13 reacted with the 
gplOO melanoma differentiation antigen (Kawakami et 
al., 1994b). This 661 -amino acid protein was identified 
independently by screening cDIMA expression libraries 
with melanoma reactive lymphocytes (Kawakami et al., 
1994b) as well as by elution of peptides from an HLA- 
A2 + melanoma (Cox et al., 1994). This gene had pre- 
viously been isolated and was known to encode a pro- 
tein recognized by the HMB-45 monoclonal antibody 
but was unknown as a T cell antigen. The gplOO pro- 
tein encodes an enzyme involved in melanin synthesis, 
and multiple gplOO epitopes have been identified re- 
stricted not only by HLA-A2 but by HLA-A3 and HLA- 
A24 as well (Kawakami et al., 1995; Skipper et al., 1996b; 
Robbins et al., 1997; Tsai et al., 1997; Kawakami et 
al., 1998). Interestingly, the epitope recognized by HLA- 
A24-restricted T cells results from an aberrantly spliced 
product of the gplOO gene, resulting in translation of 
the fourth intron of the gplOO molecule in both melano- 
mas and in normal melanocytes (Robbins et al., 1997). 

Tyrosinase, an enzyme critical for the synthesis of 
melanin, has been shown to be an antigen recognized 
by HLA-A1-, HLA-A2-, and HLA-A24-restricted T cells 
(Brichard et al., 1993; Robbins et al., 1994; Wolfel et 
al., 1994; Kittlesen et al., 1998). One of the naturally 
occurring peptide epitopes restricted by HLA-A2 con- 
tains a posttranslational modification of an asparagine 
to aspartic acid residue (Skipper et al., 1996a). Tyrosi- 
nase is the only melanoma/melanocyte differentiation 
antigen known to be recognized by CD4 + tumor-reactive 
T cells (Topalian et al., 1994). A CD4 + tumor-infiltrating 
lymphocyte cross-reactive with HLA-DR0401 + melano- 
mas was used to test for reactivity against candidate 
melanoma antigens previously shown to be recognized 
by CD8 + T cells, and tyrosinase was identified as the 
reactive antigen. Several class ll-presented epitopes 
from tyrosinase have also been identified. 

Two melanocyte proteins that bear approximately 
40% amino acid homology to tyrosinase have been iden- 
tified as T cell antigens (Wang et al., 1995, 1996, 1998a). 
TRP-1 is the most prevalent protein present in melano- 
cytes and melanomas and was recognized as a tumor 
antigen reactive with H LA- A31 -restricted TIL 586 from 
a patient with melanoma. The peptide epitope reactive 
with TIL 586 was encoded by the normal TRP-1 gene 
but was not translated from the primary open reading 
frame (Wang et al., 1996). The third open reading frame 
of this gene translated a 21-amino acid peptide that 
contained the 9-amino acid peptide epitope recognized 
by TIL 586. This alternative open reading frame was also 
translated in normal melanocytes. At least one other 
example of an alternative open reading frame encoding 
a tumor antigen was subsequently described (Wang et 
al., 1998b), and rare other examples exist of the recogni- 
tion of the products of alternative open reading frames 
(Malarkannan et al., 1995; Quelle et al., 1995; Elliott et 
al., 1996; Bullock et al., 1997). Clones from TIL 586 also 
recognized TRP-2 as an H LA- A31 -restricted antigen, 
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and an epitope from the normal open reading frame of 
this protein was identified (Wang et al., 1998a). TRP-1 
and TRP-2 epitopes can bind to HLA-A3, -All, -A31, 
-A3, and -A68 (Sidney etal., 1996; Wang et al. t 1998a). 

Studies of the TRP-2 protein represent an example of 
the use of in vitro sensitization techniques to identify new 
tumor antigenic epitopes. To identify HLA-A2-restricted 
TRP-2 epitopes, multiple peptides were synthesized 
from the TRP-2 protein based on HLA-A2-binding mo- 
tifs. Using in vitro sensitization techniques against those 
multiple peptides, an HLA-A2-restricted T cell was gen- 
erated against a single TRP-2 peptide, SVYDFFVWL, 
that was also capable of recognizing HLA-A2 + melano- 
mas (Parkhurst et al., 1998). 

Thus, at least five melanoma/melanocyte differentia- 
tion proteins have been shown to mediate the generation 
of T cells capable of recognizing melanomas restricted 
by multiple class I alleles. 

Another class of shared differentiation antigens is ex- 
pressed on tumors as well as germ cells of the testes. 
The first cloned human tumor antigen recognized by T 
cells was isolated utilizing T cells from a melanoma 
patient who had been repeatedly immunized with muta- 
genized cancer cells (Van der Bruggen et al., 1991). The 
T cells from this individual were sensitized in vitro to 
the autologous melanoma, and reactive T cell clones 
that recognized a protein encoded by a gene termed 
MAGE-1 were identified. This gene belonged to a multi- 
gene family containing at least 12 different genes ex- 
pressed in a small percentage of melanomas as well 
as cancers arising in the breast, prostate, esophagus, 
colon, and lung (Brasseur et al., 1992; Traversari et al., 
1992; Boon, 1993; Weynants et al., 1994; Van Pel et al., 
1995). Except for testes, the gene does not appear to 
be expressed in normal tissues. The MAGE-3 gene in this 
family is of particular interest because it is expressed in 
a high percentage of melanomas and head and neck 
squamous cell carcinomas (Gaugler et al., 1994; Van 
Den Eynde and Van der Bruggen, 1997). 

By screening cDIMA libraries utilizing T cell clones from 
the same patient used to identify the MAGE gene family, 
another series of multigene families called BAGE (Boel 
et al., 1995) and GAGE (Van Den Eynde etal., 1995) have 
also been identified. These gene products appear to 
have similar expression distributions to the MAGE gene 
family. Epitopes from the MAGE, GAGE, and BAGE 
genes have been identified that are restricted by HLA- 
A1, -A2, -B44, and -Cw1 6 (Traversari etal., 1992; Gaugler 
et al., 1994; Van der Bruggen et al., 1994a, 1994b; 
Fleischauer et al., 1996; Tanaka et al., 1997). This family 
of tumor antigens was detected using in vitro sensitized 
T cells from the autologous patient, although no descrip- 
tions of TIL recognizing these antigens have yet been 
reported. The levels of MAGE-1 expressed by some 
tumor cells can be below the level of detection required 
for lymphocyte recognition (Lethe et al., 1997), even 
though some studies suggest that as few as five pep- 
tides on the cell surface are sufficient for T cell recogni- 
tion (Brower et al., 1994; Sykulev et al., 1996). 

Another antigen expressed in cancers and testes is 
the NY-ESO-1 antigen that was identified by screening 
a melanoma cDN A expression library using serum from a 
patient with squamous cell carcinoma of the esophagus 



(Chen et al., 1997). Although this antigen was originally 
identified by its ability to react with a naturally occurring 
antibody, this gene product was subsequently found to 
be reactive with T cells as well. By screening clones 
from melanoma TIL 586, the NY-ESO-1 gene was inde- 
pendently identified and found to encode two different 
epitopes restricted by HLA-A31, with one encoded by 
an alternative open reading frame of the NY-ESO-1 gene 
(Wang et al., 1998b). Approximately 10% of patients 
develop high-titer antibodies against NY-ESO-1 (Stock- 
ed: et al., 1998) and an H LA- A2 -restricted CTL line from 
a melanoma patient with a high titer of antibodies to 
NY-ESO-1 was also found to react with the NY-ESO-1 
protein. Two HLA-A2-restricted epitopes have been 
identified (Jager et al., 1998). NY-ESO-1 appears to be 
expressed only in the testes and in a wide variety of 
tumors including melanomas and cancers of the ovary, 
bladder, breast, prostate, and lung (Chen et al., 1997; 
Stockertet al., 1998). 

The melanocyte/differentiation antigens and the can- 
cer/testis antigens represent the majority of tumor anti- 
gens thus far identified that are encoded by normal 
nonmutated genes. A class of poorly understood tumor 
antigens encoded by genes that are widely expressed 
in normal tissues but appear to be selectively presented 
on tumor cells has been described as well. An HLA- 
A24-restricted TIL line reactive with HLA-A24 melano- 
mas was used to isolate a previously undescribed gene 
called p15 (Robbins et al., 1995). Although Northern 
blots revealed that pi 5 was expressed in normal tissues, 
only tumor was recognized by this TIL. The mechanisms 
involved in this unique tumor recognition have not yet 
been elucidated. The SART-1 gene had similar charac- 
teristics and was recognized in lung and esophageal 
squamous cell carcinomas but was also expressed in 
normal proliferating cell lines (Shichjjo et al., 1998). The 
PRAME gene product, reactive with T cells restricted 
by HLA-A24 that expressed an NK inhibitory receptor, 
was identified only when the tumor lost the appropriate 
HLA-Cw7 class I molecule that limited recognition of 
these tumor cells (Lehman n et al., 1995). This gene was 
expressed in low levels in a variety of normal tissues, 
with much greater levels of expression in melanomas. 
It is thus clear that a variety of normal nonmutated genes 
can result in the generation of T cells reactive with tu- 
mors. These genes come from normal differentiation 
proteins, from translated alternative open reading frames, 
and from nonmutated intronic sequences. T cells recog- 
nizing these gene products are capable of reacting with 
a variety of tumor types. 

Based on murine tumor models, in which in vivo tumor 
protection appeared to be unique to the individual im- 
munizing tumor, it was expected that human tumor anti- 
gens would represent the products of mutated genes. 
A variety of gene mutations that give rise to tumor anti- 
genic epitopes in the human have now been described. 
An HLA-B44-restricted T cell was identified that recog- 
nized the product of a gene termed MUM-1 (Coulie et 
al., 1995). The epitope recognized by this T cell spanned 
an intron/exon boundary and contained a single base 
mutation. The normal and mutated peptides bound 
equally to HLA-B44, and thus the mutation appeared to 
alter a T cell contact residue. 
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An H LA- A2- restricted CTL clone was found to recog- 
nize the mutated product of a cyclin-dependent kinase 
4 (CDK4) gene (Wolf el et al., 1995). A single base muta- 
tion in this gene resulted in the substitutions of a cyste- 
ine for an arginine in an anchor position of this peptide 
and altered the binding properties of this peptide to 
HLA-A2. One hundred-fold lower concentrations of the 
mutant peptide compared to the native peptide were 
recognized. 

A mutation inthea-helical region of the HLA-A2 mole- 
cule gave rise to a mutated epitope recognized by T 
cells reactive with an autologous renal cell carcinoma 
(Brandle et al., 1996). Similarly, a point mutation in a 
gene encoding a protein recognized by T cells reactive 
with an autologous bladder carcinoma resulted in the 
unique recognition of the autologous tumor cell line 
(Gueguen et al., 1998). A single point mutation in the 
normal stop code encoding the caspase-8 gene resulted 
in the extension of the normal open reading frame of 
this gene by 88 amino acids, and a T cell epitope was 
encoded within this region that was recognized by the 
T cells of the autologous patient with a squamous cell 
carcinoma (Mandruzzato et al., 1997). A TIL that recog- 
nized an HLA-A24 melanoma antigen was found to rec- 
ognize a mutated 0-catenin gene product. A single point 
mutation that substituted a phenylalanine for a serine 
residue gave rise to a peptide epitope that was recog- 
nized at 1 million times lower concentration than the 
normal peptide (Robbins et al., 1996). The same muta- 
tion in 0-catenin was found at about 10% of all melano- 
mas examined (Rubinfeld et al., 1997). 

Development of Cancer Immunotherapy Based 
on the Identification of Tumor Antigens 
Leonardo da Vinci (1452-1519) wrote that "the supreme 
misfortune is when theory outstrips performance," a sit- 
uation that now characterizes the current state of cancer 
immunotherapy. The discovery of tumor antigens and 
the identification of their immunodominant epitopes has 
shifted emphasis to the utilization of these antigens to 
mediate the destruction of growing cancers in humans. 
Attempts are in progress to develop immunotherapies 
based on the specific stimulation of immune reactions 
against defined tumor antigens rather than on the non- 
specific stimulation of the immune system that has char- 
acterized prior approaches. Although studies of the ad- 
ministration of inteiieukin-2 to cancer patients have 
demonstrated that broad stimulation of immune reactiv- 
ity can lead to the complete and partial regression of 
even bulky invasive tumors in humans, these clinical 
effects are limited to a small number of patients with 
limited histologic types of cancers (Rosenberg et al. r 
1994, 1998a). Cancer immunotherapy based either on 
immunization against specific tumor antigens or on the 
adoptive transfer of in vitro generated lymphocytes with 
high levels of specific reactivity against tumor antigens 
represent attractive approaches. 

Which tumor antigens represent the best targets for 
the development of effective immunotherapies? Several 
lines of evidence exist that the melanoma/melanocyte 
differentiation antigens can be effective targets for the 
immune destruction of melanoma. TIL reactive with de- 
fined melanoma/melanocyte antigens are capable of 



mediating tumor regression when adoptively transferred 
to cancer patients (Kawakami et al., 1995; Rosenberg, 
1997). An analysis of H LA- A2- restricted TIL transferred 
to melanoma patients demonstrated a statistically sig- 
nificant correlation of tumor destruction in vivo and rec- 
ognition of the gplOO tumor antigen (Kawakami et al. f 

1995) . This association was not seen for TIL reactive 
with the MART-1 antigen. Further evidence for the role 
of these melanoma/melanocyte antigens in tumor de- 
struction comes from studies of depigmentation (vitiligo) 
in cancer patients (Rosenberg and White, 1996). No viti- 
ligo was seen in 102 patients with renal cell cancer 
treated with IL-2 compared to a 1 6% incidence of vitiligo 
in 73 similarly treated melanoma patients. There was no 
evidence of depigmentation seen in melanoma patients 
who did not respond to this immunotherapy compared 
with vitiligo in 29% of patients who showed an antican- 
cer response (p2 = 0.002). Thus, tumor destruction was 
associated with the destruction of normal melanocytes, 
strongly suggesting that the targets in tumor and normal 
tissue were the melanoma/melanocyte differentiation 
antigens. 

The downregulation of expression of antigens may 
represent a problem for the development of immuno- 
therapies because of the possible immunoselection of 
nonexpressing tumor clones. For this reason an ideal 
target for immune destruction is a protein that is essen- 
tial for the malignant phenotype, and mutations that give 
rise to antigens in such proteins have been described. 
The antigenic mutation in CDK4 appeared to disrupt the 
binding of the normal CDK4 inhibitor, p16-INK4a, and 
disruption of this interaction may have contributed to 
unregulated tumor cell growth (Wolfel et al., 1995; Sherr, 

1996) . Loss of expression of this mutation would thus 
presumably reverse the malignant phenotype. Similarly, 
the mutated caspase-8 gene product may play a role in 
the apoptic pathway and thus be involved in tumorigene- 
sis (Mandruzzato et al., 1997). The mutated (J-catenin 
gene product in selected HLA-A24 melanomas ap- 
peared to stabilize the 0-catenin molecule and promote 
the formation of complexes with the Tcf family of DNA- 
binding proteins, which may activate target genes in 
tumorigenesis (Robbins et al., 1996; Korinek et al., 1997; 
Rubinfeld et al., 1997; Morin et al., 1999). 

Although the mutated proteins may be attractive tar- 
gets for cancer immunotherapy, they will be appropriate 
only for the individual patients expressing these muta- 
tions and thus will not be suitable for the development 
of widely applicable cancer immunotherapies. Improve- 
ments in methods to identify tumor-associated muta- 
tions recognized by the immune system, however, leave 
open the possibility of tailoring individual immunothera- 
pies for individual cancer patients. 

The development of cancer immunotherapies based 
on the molecular characterization of tumor antigens is 
in its early stages, and only a small number of clinical 
trials have been reported. Immunization of patients us- 
ing recombinant avipox, vaccinia virus, or adenovirus 
encoding cancer antigens have thus far not resulted in 
consistent in vivo generation of antitumor T cells or 
clinical responses, probably due in part to the potent 
generation of neutralizing antibodies directed against 
the viral envelope proteins (Tsang et al., 1995; Rosen- 
berg et al., 1998b; Marshall et al., 1999). Preliminary 
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evidence has suggested that immunization with native 
or modified (heteroclitic) peptides derived from tumor 
antigens may be a more promising means of immuniza- 
tion. Of 12 patients immunized with the soluble HLA-A1- 
binding MAGE-3 peptide, 2 patients exhibited a partial 
- tumor regression, although there was no evidence for 
the generation of CTL in the peripheral blood of treated 
patients (Marchand et al., 1995). Although no clinical 
responses were seen in six patients immunized with 
HLA-A2-restricted peptides from MART-1, tyrosinase, 
and gplOO antigens, a modest enhancement of in vitro 
antipeptide responses were seen (Jager et al., 1996a). 
These same workers, however, provided preliminary evi- 
dence that the addition of GM-CSF administration to 
the vaccine regimen mediated tumor regression in three 
patients (Jager et al., 1996b) and that the clinical impact 
of immune reactions induced by peptide immunization 
may be limited by the expression of antigens by the 
tumor (Jager et al., 1996c). 

Two recently reported clinical trials, however, have 
provided encouraging information concerning the ability 
of peptide immunization to mediate tumor regression. 
Patients (10 of 11) immunized with a peptide from the 
gplOO molecule gpl 00:209-21 7 (21 OM), modified to in- 
crease binding to HLA-A2, showed a substantial induc- 
tion of circulating precursors capable of reacting not 
only with the native peptide but with H LA- A2- matched 
tumors (Rosenberg etal., 1998c). Although no significant 
clinical responses were seen in these 1 1 patients, objec- 
tive clinical responses were seen in 1 3 of 42 patients who 
received this modified gp100:209-217 (210M) peptide in 
conjunction with IL-2 (Rosenberg et al., 1998c). This 
response rate was three times that expected from the 
use of IL-2 alone, and prospective randomized trials 
comparing the treatment of patients with metastatic 
melanoma using either IL-2 alone or IL-2 plus peptide 
immunization are being initiated. In another clinical trial, 
1 6 patients with metastatic melanoma were immunized 
with dendritic cells pulsed either with immunodominant 
melanoma peptides or with melanoma lysates, and ob- 
jective tumor regression was reported in five patients 
(Nestle et al., 1998). Multiple other approaches to the 
active immunization of patients using the products of 
these tumor antigen genes are being explored, including 
immunization with peptides, intact protein, "naked" 
DNA, and recombinant adenovirus, vaccinia virus, and 
fowlpox virus encoding these tumor antigens. The ex 
vivo exposure of antigen-presenting cells to antigenic 
proteins or peptides and the administration of immune- 
enhancing cytokines such as IL-2 and IL-12 in conjunc- 
tion with these immunizations is also being explored in 
experimental models and in human clinical trials. 

In vitro sensitization techniques using repeated in vitro 
stimulation against immunodominant peptides or utiliz- 
ing tumor antigens pulsed onto professional antigen- 
presenting cells have resulted in the in vitro generation 
of T cells with extremely high antitumor activity, and 
clinical protocols utilizing the adoptive transfer of these 
in vitro sensitized cells are in progress as well. 

Marshalling the immune response to reject human 
tumors is a daunting challenge, although not as difficult 
as the need to "reject the right ear and leave the left 
ear intact." A new era of cancer immunotherapy has, 



however, arrived based on the molecular identification 
of human cancer antigens. 
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S^SW^S^S kU HLA class I Jfi?Sttt<Dfflfia«*te T fflHaoSM*** < <t o "CME 3 ftfco 

fetitofifc. HI^-A24»it/A26»*tt©CTLt*StJIB¥±S«e#^^»fiU £©CTL*ffl^T 
cDNA a V^fefrC «t D S?^3te^ SA7?T-i ft Rfi U C ©Jtg-F*» n - Ff ft t> < o*><0«Jg|ft 

^T^Kftl^SbfcoS&K: H«<B K J: 9 . HLA- A 24 WmttllSMS* W CTL **R»-T ft StM^ tf h - 7° 
ft 3 - FT ft ^/#iVmBafif^^t/:o SWE, htiibtiteZtib&^n- F 7 ^f-V«rffl^T» I fflK 
KftJfifT^-C*^* 5 . »» ®«at-CiRffilK CTL HffEffffliao*linftB«>oo*fto L^L»«fOW3S-Ctt, 
#<<D^»Sfri HLA class I #ft«**»UT CTL ©BJR^fcaMxT ^ft C fc J: 5 ic* D , *fc 

ti, ca^^fi^Sft^t-»^L^tt^^^^>^v^#^fto 

C//w / Ozwcer Chemother 27(10): 1477-1488, September, 2000) 

Specific Immunotherapy with Cancer Vaccines: Hideaki Yamana* 1 and Kyogo Itoh* 2 (* l Multidisciplinary 

Treatment Center, and m2 immunofogy, Kurume University, School of Medicine) 

Summary 

With the recent progress in molecular biology and gene technology, many new cancer-specific antigens 
have been identified. Many studies have demonstrated the role of HLA class I-restricted cytotoxic T 
lymphocytes (CTLs) in cancer specific-immunotherapies. We have also established HLA-A24-and A26- 
restricted and cancer-specific CTLs from. a patient with squamous cell carcinoma of the esophagus. Using 
CTLs, we identified a new gene SART-1 by cDNA-expression cloning and some S/\RT-7-derived cancer 
rejection peptides were also identified. Further more, using the same approach, we identified a cyclophiiin B 
gene that encodes antigenic epitopes recognized by HLA-A24-restricted and tumor-specific CTLs. Now we 
are performing phase I trials using these peptide vaccines and have found an increase in CTL precursor 
frequency in some cases in an in vitro study. However, other recent studies have reported that many tumors 
escape from CTL recognition by downregulation of HLA class I expression. Moreover, most cancer cells 
produce a suppressor agents against the immune system. Therefore, we must resolve these major problems 
to produce successful cancer vaccine therapy soon. Key words: Cancer-specific immunotherapy, Cancer 
antigen, Cancer vaccine, Address request for reprints to: Dr. Hideaki Yamana, Multidisciplinary Treatment 
Center, Kurume University, School of Medicine,. 67 Asahi-machi, Kurume 830-0011, Japan 
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HLA-A 2602 f&J^1± CTL Ki? HiSiiDS 
&&©BSlJgC fc HLA-A 24 33 J: If HLA-A 2 ijg 

1. v 

1995 K ^ ;v ^* — © Lugwig JBP^gfllf i/i 
T, HLA-A 1 BH*©3g^1£y 7 y 12 00 

K^-T £ pilot study tU, MAGE-3 ^TV" K 

0 % M 00 tt 6 00 T, £ © -5 ?> 3 00 C partial 
response (PR) £E5#> , 0 © 3 00 it progressive 
disease (PD) k^U 1999 S£\c\$% 

& 25 00 4> 7 00 K ffi jS8&/h#J H * s l# 6 fc k .« 

*fcl998¥C»4, *HSW^Bff 
(NIH) © Rosenberg C J: rp T, HLA-A 2 Wte 

esus* 7 y-v*fc«ts» i mmm 1 1 

T, gplOO Et3*-?7°f- F t?xi7o^ >F • T 
S>»;<Vb (IFA) ©Watt-^tfJSfTSii., 2100 
4 1 20 m<D*ffiliB.m%1$- (PBMC) K HLA-A 2 J&J 

sett /7;-v ^ ctl &mm s m «w 

3*fig|g3 *tfc„ .* fc * C, T S^a^v b k LT 
Sfl§*© IL-2 k £ 31 13 09effi 

«^/J^^*^*^kf6^ 35 'LT^Sc L*>U ffi 
ffl*IL-2 Offtg^Kfc^T^) 16% §8 

y --^cst-r *^ K7^f >©ttfl3ft*©3pj 
i^cax^ xcj;t>t:, y 7.y— ^tius 
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2. * ss m 

Eastern Cooperative Oncology Group 
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anta&flf&fc UTiaw»iH«se«iffljiat bcg 
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s*i)T;MM®£tfr 7 9 f- >*m^iiWR&&&^ 
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4. saafiss 

wm^mcD? ? ?->m&<D±#-te, il-2^ 

interferon (IFN)-«, >9, y, 33 J: Xf GM-CSF * 
k*©if-f Y m > t gS«aSS7^f foL<' 
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5, cyclophilinB(CypB) 62 \ ART-1, ART-4 

K«ffifflJia^ cdna ± orasufco *st 

JSlf J: 5«3iUfcHLA-A24j6|*. J ttjS«f»W 
CTL**, p56 Ick (Lck) 63) £fgl^£ d fcSrJl,^*: 
L, HLA-A24jfe^-=e.f— 7 ftW-T S 9-mer *J 
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